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Page 16, Figure 4:

The figure originally printed should be re-
placed with the graph shown on the reverse
side of this page.

Page 17, Table 8, heading for
third column from the left:
For Mean *7,

Read Mean *g

Page 29, right column, second sentence:
For Cladina alpestris, on the other hand, is
a less preferred reindeer forage in Scandi-
navia and northwestern Manitoba (Scotter,
1965c¢),....

Read Cladina alpestris, on the other hand,
is considered questionable as a preferred
forage in Scandinavia and northwestern

Manitoba (Scotter, 1965c),....

Page 31, middle column, end of first sen-
tence in last paragraph: '
For....which was slightly less than Pegau

(1968b) found on the Seward Peninsulain

(C. rangiferina).

Read....which was slightly less than Pegau
(1968b) found on the Seward Peninsula in
Alaska at three locations, 4.3-5.8

(C. alpestris) and 5.0-5.8 (C. rangiferina).

Part 3:

Taiga winter
range
relationships
and diet

by Donald R. Miller

Canadian Wildlife Service
Report Series Number 36

Page 32, left column, first paragraph, end
of first sentence:

For...., somewhat less than Beckel’s esti-
mate of 0.25 per cent for approximately the
same area during the 20-year period
1935-66 (Table 16).

Read...., somewhat less than Beckel’s esti-
mate of 0.25 per cent for approximately the
same area during the 20-year period ’

1935-55 (Table 16).

Page 32, left column, first paragraph,
second sentence:

For In contrast, forest fires burned an esti-
mated 0.87 per cent of land area annually
from 1940 to 1955 on a study area in north-
central Saskatchewan (Scotter, 1964).
Read In contrast, forest fires burned an
estimated 0.87 per cent of land area annu-
ally from 1945 to 1959 on a study area in
northcentral Saskatchewan (Scotter, 1964).




Figure 4
Lichen standing crop plotted against age of tree
stand on study sites
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Cover: Caribou trail in mid winter to feeding site
in semi-open spruce, northwestern Manitoba.
Note the muzzle marks along the trail where car-
ibou searched for the scent of forage beneath
the snow.
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Perspective

Barren-ground caribou in northern
Canada numbered about three million in
primitive times, The introduction of fire-
arms to the native people, the arrival of
whalers in the mid-19th century, and the
demand for northern furs in the early 20th
century all contributed to an increase in the
annual kill of caribou. The caribou popula-
tion declined locally as early as the mid
1800s and range-wide after 1900, By 1948~
49 aerial surveys showed only an estimated
670,000 caribou. The decrease coutinued
until 1955 when numbers stabilized. During
that time caribou studies monitored the
decline and identified some of the factors
responsible. The need for more compre-
hensive informalion and the concern of
several conservation agencies led the CWS
to initiale an intensive study of caribouin
1966. The study lasted 242 years and cen-
tered on the Kaminuriak Population, an
accessible population with a relatively con-
fined range. The study was in four paris:
total numbers, mortality, recruitment and
seasonal distribution; sex and age eompo-
sition; seasonal physical and reproductive
condition; and winter range evaluation. A
CWS biologist was responsible for each
seclion, but the game agencies of Manitoba,
Saskatchewan, Alberta, and Northwest
Territories (NWT) all contributed person-
nel al various slages.

Abstract

The winter range of barren-groundcari-
bou in northwestern Manitoba was studied
to learn what potential forage was available,
and how weather, in particular snow condi-
tions, affected the foraging of caribou.

The potential forage was determined
from standing crop and percentage cover of
green plants and lichens in study plots.
Feeding caribou were observed, and plants
were collected from feeding craters and
enclosures. Further evidence and confirma-
tion of observed feeding habits were ob-
tained by an analysis of rumen conlents.

The results of climatic measurements,
especially of snow depth and crust hard-

ness, explained the sudden changes observ-
ed in caribou diet. The diet changed from
predominantly terrestrial lichens and grass-
like plants in early winter to arboreal lichens
and woody browse in late winter when the
snow crust prevented caribou from digging
craters. As the snow thawed the caribou
fed heavily on exposed plants and lichens
especially along the spring migration
routes. Otherwise there was no evidence
that the caribou were exerting pressure on
their winter range forage. Aerial photo-
graphs, evidence of rates of lichen recovery,
and knowledge of feeding habits allowed
some general conclusions to be drawn
aboul the capability of the winter range to
support caribou. In particular forest fires
are beneficial in that they increase the
heterogeneity of the plant cover and favour
the growth of some lichens which oceur in
early successional stages. There is a plenti-
ful supply of forage in the area despite
caribou use and fires. Snow cover rather
than scarcity of forage limits the capacity
of the taiga to support caribou.

Résumé

On a étudié Phabitat hivernal du
caribou des toundras dans le nord-ouest
du Manitoba pour en déterminer les dis-
ponibilités de piture et comment les con-
ditions météorologigues, la neige surtout,
pouvaient influer sur le régime alimentaire
de cet animal.

Les disponibilités fourrageres ont
é1é déterminées a partir du peuplement sur
pied et du pourcentage de couverture du
sol par les plantes vertes et les lichens en
parcelles d’observation. On a observé les
carihous en pature, et on a recueilli des
plantes dans les entonnoirs et cuvettes ou
ils se nourrissent. L’analyse du contenu du
rumen a apporté d’autres renseignements
qui ont confirmé les observations de ses
habitudes alimentaires que nous avions
effectuées sur le terrain.

Les données climatologiques, notam-
ment I'épaisseur de la neige et la dureté de
la crofite de surface, ont permis d’expliquer
les variations brusques constatées dans Ie

régime alimentaire du caribou. Composé
surtout de lichens terrestres et de plantes
herbacées au début de I'hiver, le régime
compeortait, & la fin, des lichens arboricoles
et des ramilles quand la crolite de neige
empéchait le caribou de creuser des enton-
noirs. A la fonte des neiges, les caribous
faisaient grande consommalion des végé-
taux et lichens exposés, surtout le long des
voles de migration printaniere. Rien d’autre
n’indique que les caribous exercent une
pression sur leurs paturages d’hiver. Les
photographies aériennes, des indices sur les
taux de repousse des lichens et la connais-
sance des habitudes alimentaires du caribou
ont permis de tirer certaines conclusions
genérales sur les possibilités fourrageres

de ses pAturages d’hiver. Les feux de foréis
en particulier le servent en rendant la vé-
gétation plus hétérogeéne et en favorisant

la croissance de certains lichens qui appa-
raissent aux stades initiaux de la régénéra-
tion de la sylve. La région ne manque pas
de pature malgré tant "emploi qu’en fait le
caribou que les feux, Cest Penneigement
plutdt que la rareté des ressources four-
ragéres qui limite la capacité qu’a la taiga
d’entretenir le caribou,

AlGcTpakt ‘

1popommnucs HecaeIoBANE SUMARX
MaCTONIE KapHOy Ha GeclTONHBX 3eM-
JgX cepepo-sanaanci ManuTo6n ¢ 1es0
HAXOMIeHMA ROPMOBOH 0adH, & Tarme
H3yYeHNe BIIHAHUSA MOI0JH, B YACTHOCTH,
CHEIRHOI'O ITePHOMA, HA IIrTanue Kapuoy.

B ragectse KOpMOROH 6a3nl OBLIA
NPHHEATH PACTeHHA Ha KOPHIO H 9acTHY-
HO 3eJleHBIe PACTeHH U JHIIAHEHKA Ha
a3ygaeMuX yuacrtrax. Ilposopmaues Ha-
GofeAA 33 Kapuly, IPHHAMAIOIIHX
THNLY, cOGHPaJHCh PACTEHHI H3 TYHOK
H 0rpaj, npejnasHaYe HHX Gad KOPM-
Jemud. Jdaasneiiine mopreepaienns
HafIonaeMbX HABEKOB THTAHUSA OLIIH
HOTYYeHB! B Pe3yIIbTare HOCIETOBAHAA
COOEDIRAMOTO Py6Ia.

KamMarnyeckne H3MeHenHs, B oc-
HOBHOM TVIy0HHA CHEIOBOO TMOKPOBA U
TBEPOCTE KOPKH, CORACHIAN HEORIIAH-

Hble WAMEHEHHA B uTaHny kapudly. Ila-
TaHie KApHOY, COCTOABIIEE DAHbIle H3
HazeMHHX JHMAHIIKOS H TPABIHNCTHX
pacreHHil B Iepuoy] parHed UMb, CTAT0
COLLEPMATD APEBECHBIC JHINARHIRH 1 MO-
TofHe TIoGery mosell suMoil, Kora
CHEIRHAS ROPKA He [T03BONANA KapulGy
PHITH YTAYSAeHAS ¢ TeAbl0 HaX0sK e HIA
. 1To Mepe TasHEA CHEIOBOIO IOKPO-
Ba KapHOy IUTANHCEH IPCHM Y CTBEHHG
OCHAMEHHLIMU DACTeHUAMH M JHLIAH-
HHKAMH, OCOGEHHO 110 JOPOTe BO BpeMs
pecennelt yurpampm. e 6u10 ceuge-
TENBCTRE YCHICHHOT0 OTHCKHBAHIA KOD-
M4 H& 3EMHeM HacTOHIe. A3pOCHCMKM,
HAIHUAe CBHIETENLCTRA O BOCCTAHOBIE-
HAH JAAHHRKOB W 3HAHHE TIPHRLITER
KOPMESREH KapH6y [03R0JIHIH CllessTh
HEROTOPHE O6ITIHE 3aRII0YeHHA O CII0-
COOHOCTH 3HMACTO TACTGHNIA ITPOTHTATh
kapufy. JlecHore momapn ceobenno 6714~
PONPHEATHIL B 9TOM OTHOLICHHH, TaK KAk
OHH YBETHYHBAIOT PAsHOPOIHOCTE PacTe-
HECBODO HOKPOBA ¥ CIIOCOOCTRYIOT POCTY
JHMARHIKOB, KOTOPHIE ITOABNAIDTCH B
PAHHHX IIOCTe0BATeNbHHX orafuaX. B
TARHX PAHOHAX, HeCMOTDH HA HOMRAPHI,
KapHOy HAXO0IAT maoluame xopMa. Oc-
HOBHEIM (DARTOPOM, OIPRHHIHBAOIIEM
CIIocoGHOCTD Tl IpONUTATD KApHGY,
ABIACTCA He HeJ0CTATOK KOPMA, & HAJIH-
YHe CHEeroBOIo MOKpOBa.

Introduection

Caribou winter on the taiga, the far
northern boreal forest. Winter rangeisa
possible factor limiting caribou populations
and forest fires have reduced its capacity to
support caribou. Therefore CWS included
a study of the winter range in their inten-
sive investigation of the biology of the
Kaminuriak Population. The objectives of
the study were to appraise the amount and
quality of vegelation on the winter range,
relate seasonal changes in caribou food
habits to availability, to estimate capacity
of the taiga to sustain current use, and to
collect data on the physical environment
especially snow conditions. Since caribou
use the taiga only during winter, [ separat-
ed the food habits study into four periods
according to snow characteristics: early
winter, a period of snow accumulation and
no major restriclions to earibou move-
ments; mid winter, a period of continued
snow accumulation and major restrictions
1o caribou movements by deep and wind-
crusted smow; late winter, a period when
the snow forms a hard crust because of
alternating freezing and thawing; and
spring, when snow crusts deleriorate and
depths decrease. [ included information on
forage use on the tundra and the ecotone
between tundra and taiga to give the reader
a more complete picture of the caribou’s

food habits.
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Study area

The study area was the part of the
taiga inhabited by caribou of the Kami-
nuriak Population during the study. I did
all vegelation studies in northwestern
Manitoba, except for analyses of some
craler siles in northeast Saskatchewan.

The winter range of the Kaminuriak
Population, according to tagged caribou
returns (Miller and Robertson, 1967) lies
almost completely in forest (called the
Northwestern Transilion Seciion by Rowe,
1959). A small portion of the winter range
exlends northwest into the Forest-Tundra
Section, a transition zone between the
subaretic forest and tundra (Fig. 1).

The landscape is palterned with all
the forms of glacially moulded drift over-
lying Precambrian granites and gneisses.
The two major land forms (Ritchie, 1962)
are patternless and drumlinized drift plains.
I patternless drift plains the relief is low
and rolling with extensive bogs between
drumlins, rock outcrops and major mor-
aines. In drumlinized drift plains the relief
is moderate with extensive elongated bogs
and occasional fens in the depressions
between ridges.

Soils are mainly fine and coarse
sand. Podzols are common on the better
draiued sites. The main portion of the area
lies within the discontinuous permafrost
region with the northwest corner in the
region of continuous permafrost (Brown,
1960).

The vegetation is a mosaic of forest
muskeg and fen cul across by sandy eskers
and areas of open waler. The most abund-
ant tree is black spruce (Picea mariana).
Jack pine (Pinus bunksiana) is abundant on
upland sites in the southern part of the
range. White spruce (Picea glauca) grows
on the tavourable soils of eskers and sand
plains. White bivch (Betula papyrifera) is
often fouud in association with spruce and
pine on dry sites, and tamarack (Larix
luricine) with spruce on wel sites. White
aspen (Populus tremuloides) and balsam
poplar (Populus balsamifera) are uncom-
mon, growing only on sheltered sites. Wil-

lows (Salix spp.), dwarf bivch (Betula spp.),

Figure 1

Forest regions in the range of the Kaminuriak

caribou population (after Rowe, 1959)
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alder (Alnuscrispa), scattered white birch,
and tamarack border the lakes and streams.

Dominating the shrub vegetation on
upland sites are the ericoid shrubs Vac-
cinium vitis-idaea, V. uliginosum, and Ledum
groenlandicum in the north, and ¥ myrtil-
loides in the south. Chamaedaphne caly-
culate, Kalmia polifolia, and Andromeda
polifolia are common in wet sites. In the
fens, along lake and stream shores are
Calamagrostis canadensis, Carex spp., and
Scirpus spp., with Eriophorum spp., Juncus
spp., and Fquisetum fluviatile locally abund-
ant.

Ground cover on many upland sites
is made up of dense lichen mats. The major
lichen species at these sites in the drumli-
nized drift plains, according to Scotter
(1965a), are Cladina mitis, Cladina rangi-
ferina, Cladina alpestris, Cladonia amau-
rocraea, and Cladonia uncialis. Cladonia
gractlis can be added to.this list in the
patternless drift plains. The feather mosses,
principally Hylocomium splendens, Pleuro-
zium schreberi, Ptilium spp-, Dicranum spp.,
and Polytrichum spp. are common in the
ground cover of Lhe betler drained sites
along with the liverwort Ptilidium ciliare.
Sphagnum spp. dominate the mosses on wet
sites.

Winters are long and severe, and
summers are short, dry, and cool. Annual
precipitation is about 38 em and falls main-
ly in the warmest months, July and August.
Minimum precipilation occurs in February.
The total snowfall is about 152 ¢m, and the
period with the largest accumulation on the
ground is in February and March.

Study periods

1 did field work in all seasons except
freeze-up and break-up. [ observed food
habits, weather, and snow during early,
mid, and late winter and spring, from 1966
to 1968. In early summer, [ assessed con-
dition of siles used as feeding craters during
the previous winter and measured tree
cover and lichen standing crop. I measured
and collected vascular plants and observed
recovery of plants on disturbed sites al the
end of summer. I made a preliminary field
trip in mid summer 1966 to test various
methods of sampling vegetation and to be-
come familiar with the habitat and signs of
caribou winler activities.



Seasonal
availability
of vegetation

[ surveyed the winter forage to assess
the types and areas of habitats, and the
distribution, quantity, and quality of the
potential forage within the habital types.

1; Methods
1.1, Aecrial photography

Anarea of 12,106 km? was photo-
graphed in colour from the air during late
June and July 1967 at an altitude of about
2,743 m. Scale of the photographs was
1:15,840.

The area photographed included the
entire Whiskey Jack Lake Topographic Map
Sheet 64K of NTS 1:250,000 Series, pub-
lished in 1962 by the Surveys and Mapping
Branch, Department of Mines and Technical
Surveys, Otlawa. The same area had been
photographed in black-and-white during
July and August 1955 at a scale of 1:60,000,
and the plant cover of 11,432 km? had been
interpreled and mapped (Beckel, 1958).

M. R. Robinson interpreted the
coloured aerial photographs. He marked
the following habilat types with India ink
on one of the stereo pairs:

Sparse spruce

Dense spruce

Sparse jack pine

Treed swamp (birch draws)
Meadows (fens)

Recent burn

Water

Miscellaneous

Boulder fields

Small islands of mixed habitat

Cabin communily sites

Minimum size ol any one habitat type
marked was 2 acres and a dot grid overlay
was used to delermine acreages al a rate of
one dot equals 0.5 acres.

1.2, Study plots

[ selected sites for vegetalional
studies in four areas of traditional caribou
winter range in northwestern Manitoba.
Crown canopy and drainage conditions
served as a basis for categorizing cover
types. I allotted the number of sites in each

10

cover type on the basis of its comparalive
abundance as follows:

8 study sites
6 studyv siles

Lmand?muf-e

Lowland spruce
6 study sites

Jack pine
5 study sites

Spruee and jack\pi{le

I'sampled the vegetation of each study
silein a 5 x 25 m plot, called the macroplot.
No more than 10 m from each macroplot
marked a second plot of the same size on
contour with the first plot. Both plots were
marked with stakes. [ removed no vegetation
from the second plot but left it undisturbed
for future reference.

In both the macroplot and the repli-
cate. I counted trees taller than 2 m. T mea-
sured height and diameter at breast height
(d.b.h) of five large trees in or adjacent to
the two macroplots and determined age of
the stand by taking core samples from two
or more dominant trees at about 30 cm
above the ground. I cut down occasional
trees and determined the age of the butts
using a hand lens.

Within each macroplot T sampled
the intermediate and ground cover from 20
1-m? microplots selected at random. T es-
timated the cover with the use of a frame
(Daubenmire, 1959), 20 x 50 ¢m, placed in
the lower left-hand corner of each micro-
plot. The canopy coverage of each species
was estimated according to six classes: less
than 5, 5 to 25, 25 to 50, 50 to 75, 75 to 95,
and more than 95 per cent. The total cover
can exceed 100 per cent by this method be-
cause some plants grow over the tops of
others, as for example, lichens covering
mosses.

I measured relative abundance and
standing crops of lichens in a dm* divot
sample selected from within the lichen por-
tion of ground cover in each of the 20 mi-
croplots. I estimaled cover of each of the
lichen genera, Cladina, Cladonia, Stereocau-
lon, Cetraria,and Peltigira, according to four
classes — less than 25, 25 to 50, 50 to 75,
and more than 75 per cent and the cover of
individual species according to six classes
—less than 1,1104, 5109, 10 to 24, 25 to
49, and more than 50 per cent.

I counted mushrooms systematically
in each macroplot during late summer.

I also sampled in 1967, six fenced
enclosures, which had been constructed at
two widely separated areas of caribou winter
range in northwestern Manitoba during
1964 and 1965 (Engen, 1964 and 1965). 1
staked a macroplot within each of the
1,012-m* enclosures as at the study sites,
and I sampled it similarly except that T ex-
tracted 10 instead of 20 divot samples, and
collected no soil samples. [ selected one
study site adjacent to each enclosure, and
used the soil samples and tree cover mea-
surements from it to represent both the
fenced and unfenced sites.

I observed plant recovery on 25 1-m?
plots from which I had removed plants for
measurement of standing crop and nutri-
tional analysis. I established nine of the
plots near to, but not within, macroplots
on study sites. Six plots represented the
lichen forage found at the enclosures, and
10 plots represented specific sites or lichen
communities. I photographed the plots in
colour and black-and-white after removing
the plants. I estimated plant recovery visu-
ally and photographed it during subsequent
observations.

1.3.  Lichen growth on caribou pellets

In June 1967 I marked 18 caribou
pellet (feces) groups from the previous
winter in the vicinity of caribou enclosure
No. 4 at Lac Brochet and transported one
group inside the enclosure. T examined the
pellets again in September 1968 and 1969.

1.4, Standing crop and nutritional

analysis

I'used dm* divot samples (as de-
scribed above, 20 in each unf{enced macro-
plotand 10 in each enclosure) to estimate
standing crop of terrestrial lichens. I trans-
ported each divot sample to the laboratory
and separated each into lichen and non-
lichen components. I air-dried and weighed
the lichen.

I hand picked samples of forage spe-
cies for chemical analyses and measurement

*

Figure 2

Proportions of major land and cover types of a
12,106-km? arca of caribou winter range in north-
western Manitoha as determined by air photo inter-
prelation

Table 1
Proportions of major land and cover types of
12,106 km?of caribou winter range in northwestern
Manitoba*, as interpreted [rom coloured aerial
photographs. June and July 1967

Tolal area
{hectares)

Portion of
region mapped

Extent of land or cover Lype, as per cenl ol total

Lowland

Muskeg

Birch

draw  Meadow

Spruce

Upland
Jack pine

Sparse

Recent
burn

Sparse Dense Water

Dense

Northwesl quarter T311,400

24

Northeast quarter 267,710

23

30
30

318,849

26

28

24
18
20

3

1

Southwesl quarter

Southeast quarter 312,716

38

33

Entire region 1,210,675

._.
||| o=

32

14
19

3

2

3 2
6 Tr
6

(SV]
(9]

I_\/lap sheet 04K (‘Vhlsiey]ack Lﬂ_k(:), Canadian
topographical maps 1:250,000 series. Department
ol Envrzxg\linr-s and Resources.

of standing crop from 25 1-m? plots de-
scribed in “Study plots,” and partially air-
dried them in the field. In the laboratory,
foreign material was removed and air-dried
and the pure samples weighed. A 100-gram
subsample from each I-m* plot supporting
over 100 g of pure sample was analysed

for energy and protein.

The samples were ground, air-dried,
and analysed using a calorimeter to deter-
mine energy, and micro-Kjeldahl technique
for uitrogen content. The same techni-
ques were used on additional samples of
Cladinu alpestrisand C. rangiferina collected
{rom dense stands and divided into living
and non-living components for separate
energy and nitrogen analyses.

2. Results
2.1. Aerial photography and occurrence

of fires

Interpretation of coloured stereo-
photographs of 12,106 km? in northwestern
Manitoba showed that the area is comprised
of about 20 per cent water and 80 per cent
land. The land surface includes about equal
proportions of upland, with 80 per cent
spruce and 20 per cent jack pine, and low-
land, with 80 per cent muskeg and 20 per
cent meadow (fen in Scandinavian and Rus-
sian literature) (Iig. 2). The upland is dom-
inated by semi-open o open canopy and a

Figure 2

1/5 water

2/5 lowland

1 part meadow—4 parts muskeg

2/5 upland
1 part jackpine—4 parts spruce




Figure 3

Areas burnt by forest fires on 11,432-km? area of
caribou range in northwestern Manitoba between
1955 and 1967, and areas with conifer reproduction
less than 0.3 m high and between 0.3 and 1.8 m
high in 1955 (afler Beckel, 1958)

Figure 3
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rich lichen ground cover. A sparse cover of

stunited black spruce interspersed with mea-
dows occurs on muskegs in lowland areas.

The proportions of landform and
cover vary in different parts of the area
mapped (Table 1}. In the northwest there is
a greater area of waler — large streams and
lakes. In the southeast is the greatest land
area including much muskeg whereas in the
southwest upland jack pine stands dominate
the landscape. The number of jack pine
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stands is inversely proportional to the ex-
tent of recent {1947-67) burns, the area of
stands being least in the northeast where
the area of recent burns is greatest.

Based on Beckel’s (1958) and my
photographic interpretations of a 11,432-
km? area, 47 fires from 1955 to 1967 (Fig. 3)
had burned 2.1 per cent of the 9,200-km*
land area. Thus, approximately 0.2 per cent
of the land area, on average, had burned
per year during the 12-year period, which,

however, includes 1961, a vear when forest
fires in northern Manitoba were unusually
numerous and exlensive.

A comparison of the locations of re-
cently burnt areas with those reported by
Beckel (1958) as supporting conifers under
0.3 m tall and 0.3 to 1.8 m tall suggests that
some areas are more susceplible Lo forest
fires than others (Fig. 3}.

[ attempted to distinguish between
recent, old and intermediate-aged burns
that had occurred between 1955 and 1967,
and to assess changes in the frequency of
fires in the area (Table 2). Although itis
not safe to assume that the three categories
represented equal periods of time, the fig-
ures do not indicate any major change in
frequency or size of forest fires between
1955 and 1967. Forest fires burned over
both lowland and upland regions, but from

data for the southeast quarter of the photo- -

graphed area, upland regions were burned
more than lowland. Of the 8,047 ha that
had burned since 1955 in that quarter,
5,619 ha were in upland regions.

2.2. Vegetation on study plots

Appendix 1 describes 25 plots and six
enclosures on which I studied vegelation.
The plots were located on sites representing
the most common topographical types of
the treed portion of the winter range. I did
not sample muskegs, meadows, or birch
draws,

The size and density of trees in the
macroplots varied considerably within each
cover type (Table 3). Age of the stands
sampled ranged from 30 to 181 years.

Low woody plants were more abun-
dant on spruce than jack pine sites and on
lowland in contrast to upland sites {Table 4,
Appendix 2). T found Vaccinium vitis-idaea
ou all study sites: it has the greatest ecolo-
gical amplitude of any vaseular plant in the
study area. Ledum groenlandicum and L.
decumbens were abundant in spruce stands
and especially on lowland sites.

Lichens dominated the ground cover
except on two lowland spruce plots where
mosses covered the ground (Table 4, Ap-

Table 2

The relative age, number and size range of forest
fires that occurred in a 12,106-kmn?® area of north-
western Manitoba between 1955 and 1967 as deter-
mined from coloured aerial photographs

Relative age No. of Total area
of area burnt burns Size range, ha burnt, ha
Most recent 15 6-2,757 6,532
(No green cover)
Recent 15 2--2,820 6,312
(Partial green eover}
Old 17 2-2,025 6,378
(Total green cover)
Total area burnt 19,222
Table 3
Mean and range of density, size, and age of trees
on study plots and enclosures
No. of Trees per d.b.h,,
Plot type plots ha. Height, m. cm. Age, yr.
Upland spruce 8 381 8.8 13.5 101
7-1,284 6.8-10.8 9.6-17.5 61-139
Lowland spruce 6 457 8.7 11.9 101
153-946 50-10 7.9-14.4 65-181
Mixed spruce 5 218 10 15.7 81.2
and jack pine 89-422 10~10.4 10-20 58-132
Jack pine 6 425 8.2 10.6 66.6
‘ 160-709 6.0-0.9 6.8-14 30-90
Enclosures 6 563 8.6 12,7 08.6
89-1,285 6.0-10.8 9.1-17.0 38-139
Table 4
Mean and range of cover estimates (%) of plants
occurring on more than four study plots or en-
closures
Vaccei-
nium Ledum Empe- Geo- Mushrooms
No. of Liver- vitis-  V.omyr- V. uligi- groen- trum caulon (no. per ha.)
Plot type plots Lichens worts  Mosses Litter idaea  tilloides nosum landicum  nigrum  lividum 1967 1969
Upland spruce 8 80.0 2.8 4.4 17.0 25.3 4.0 0.6 11.6 0.12 0 23.0 24.5
o 58.92 0.5 0-20 10-34 12-33 0-20 0-4 0-54 0-1 0 0-64 0-86
Lowland spruce 6 56.5 2.5 31.8 19.3 26.8 0.6 4.3 18.5 0.8 0.3 82.8 72.2
18.82 0-15 2-79 7-36 17-43 0-4 0-16 6-35 0-4 2 10.138 0-151
Mixed spruce 5 74.8 1.0 2.4 22.4 29.4 7.2 6.0 1.4 0.2 0.2 51.4 98.3
gﬁi jack pine 4892 0.4 <1.5 10-40 5-50 2-12 0-26 0-6 0-1 <1-1 12-96 0-314
Jack pine 6 74.2 0.2 2.8 39.3 20.8 5.2 0 0.5 1.5 0.5 65.5 63.3
— 62-88 0-1 0-7 22-69 1-39 0-12 0 0-3 0-4 1.2 20-131 0-235
Enclosures 6 80.6 2.2 3.5 30.0 14.7 5.3 1.8 3.1 <1 0 31.7 18.0
o 70-86 0-5 0-15 9.43 0-35 0-20 0-10 0-8 0-<1 0 0.37 0-69
13



Table 5
Mean and range of percentages by weight ol major
lichen genera in study plots and enclosures

No. ol
Plot type plots Cladina Cladonia  Stereocaulon Cetraria Peltigera
I/pland spruce > 78.4 160.6 1.1 17 0.0
48-90 343 08 09 0.0
Lowland spruce 6 57.5 25:5 0.0 1.2 5.5
42-85 10-58 B 0.0 0-37 0-33
Mixed spruce 5 76.6 18.4 0.4 4.6 0.0
and jack pine 70-90 28 0-2 0-12 0
Jack pine 6 70.7 25.7 1.6 2.0 0.0
53-93 542 0-10 0-5 0.0
Enelosures 6 773 17.2 0.0 5.5 0.0
60-90 8-28 0.0 0-19 0.0

Divol samples were not collected from Plor 8,

Table 6

Re-establishment of lichens on 1-m? plots during
the hirst 27 monihs alter complete removal of
lichens in June 1967

Metre
plot Lichen cover
no before removal

1 Cladina tz/ﬂrs(ris i

2 Stereocaulon spp.i

3 Cladina rmz;zl:ﬁ:rinu

4 Cetraria nivalis
5 Mixedl spp.
6 Mixed Spp.

Ea Stereocaulon sp;; I

8*  Mixed spp. o

9  Mixed spp- N -
12 Mi;mlspp. o B
13 Mixed Spp. N B -
14 Cladonia and Cladina spp.
16 Cludonin and Cladina spp- R -
17 Cladonia and Cladina :pp.
18 ~ Cladonia and Cladina spp.

T'wo inches of turl and mineral soil removed.

pendix 2). Litter, including needles, lwigs,
and cones, was present on all plots and par-
ticularly abundant on the jack pine siles.
The branched Cladina species —

often called reindeer lichens — were dom-
inant. Cladina mitis, a lichen of early suc-
cessional stages, was the most frequent and
abundant lichen species. Cladina alpestris
and Cladina rangiferina, both climax spe-

cies, ranked second and third in abundance.
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“ cover of

% cover ol % cover of

primary primary secondary
thalli thalli 1halli
June 1968 Sept. 1969 Sept. 1969
15 50 M

50 €55, 50

10 1015 O Tr

20 50 10

10 - 50 Tr

5 10 0

5 10 )

0 2 0

5 50 Tr

10 25 0
5 25 Tr
10 10 Ty
0 15 T
0 250
0 35 Tr

Cladonia uncialis, often associated with
Cladina mitis, was common but sparse. Cla-
donia gracilis, a cup and horn species, and
the foliose Cetraria were similarly frequent
but not abundant. Stereocaulon and Peltigera
species were generally uncommon though
locally abundant (Table 5, Appendix 3).
Mushrooms were found on all study
plots and enclosures in 1967 and all except
four plots in 1969 (Table 4). The Jowest

densities of mushrooms were found on dry
spruce sitcs and some of the spruce-jack
pine sites. Most mushrooms observed were
small (<5 em).

Lichen regeneration on denuded 1-m?
plots began during the first summer with
inconspicuous primary thalli growing in
small, scatlered groups. After three sum-
mers, secondary thalli (podetia) appeared
in 10 of 15 plots (Table 6). The most rapid
lichen recovery occurred on plots with a
deep humus layer and in semi-open to dense
coniferous cover, wherve there was protec-
tion from wind and midday sun. Lichen po-
delia were not observed on Plots 6 and 7
which were on exposed sites with shallow
humus layers. Lichen primary thalli grew
on Plot 8 after three summers although the
turfand upper layer of mineral soil had
been removed. That plot was well protected
from direct rays of the afternoon sun and
from strong winds.

Re-establishment of vascular plants
on defoliated plols varied by species and
according to the material removed. On
Plots 11A and 11B Vaccinium vilis-idaca
recovercd rapidly after three summers al-
though Empetrum nigrum showed no recov-
erv. Ledum groenlandicum grew rapidly after
two summers when only the leaves had been
removed, but where the stems were remov-
ed as well, recovery was slow. Removal of
Ledum stems, however, appeared to cause
aresponse in the growth of the lichens Cla-
dina rangiferina, Cladina mitis and Cladina
alpestris which grew sparsely under the
dense Ledum cover.

2.3. Lichengrowih on

caribou pellets

In September 1968, two summers
alter the pellets has been deposited, they
had disappeared on sites where Stereocaulon
paschale was the domiuant lichen, but were
still conspicuous where Cladonia spp., Cla-
dina spp. and Cetraria nivalis were dom-
inant. On Stercocaulon sites the pellets had
filtered down to the base of the podetia and
were covered over by the upper parts. In
both lichen communitics the pellets had

Cladina alpestris growing in ball-like clumps at
Brochet, Manitoba, where caribou utilization has
not occurred for more than hall a century. The
author has observed this growth form only among
the crevices of boulder fields within the utilized
arca of the laiga winter range.

Table 7
Protein and encrgy values of forage plant samples
taken in summer {rom 1-m?plots. Protein is cal-
culated by multiplying total nitrogen by 6.25. Dates

given in appendix 4.

Plot no. Forage type
1 Lirhen, 75% C/a(lin([(zi/jeslris
2 Lichen, 95 Stercocaulon paschale
L - Lichen, 50" C‘mﬁmngz]érina
4 ] Lichen, 50 Cetraria nivalis .
o B " Lichen. mixed
6 - Lichen, mixed -
ki Lichen, 757 Stereocaulon pascliale
9y Lichen, mixed Cladonia and Cetraria
o Lecum groenlandicum
11 A Vaceinium vitis-idaea
11B Empetrum mgrum - -
12 TLichen, mixed o
13 B B Lichen. mixed - .
14 _ Lichen. mixed Cladonia and Cladina
o Lichen, mixed - -
,'Z B Lichen. mixed -
8 Lichen, mixed
20 Carex aquatilis -
21  Carex aquatilts
?2_ ) E(]ll[.S(’II;IIWlI;I(LIi/P
23 - Ledum groenlandicum
{3 B 7Equi5(;lunl fluviatile

* Cetraria alpestris live podetia
dead podetia

* Cladina rangiferina live podetia
dead podetia

‘/_\dililional sz;mp]e-'j

jEnergy,

Protein. % kcal. /100 g
204 434
1016 480
200 45
254 426
399 454
202 416
S 455
931 431
897 566
5.77 509
6.27 551
2.82 433
1.96 435
224 RN
2.60 437
210 428
212 434
6.54 T 463
5.25 452
13.71 383
8.36 T 569
6.76 448
2.63 - 356
1,82 345
414 T 366
2.18 357

Arboreal lichens on a jack pine growing on an esker
at Ducharme Lake, Manitoba.
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retained their shape but had become smaller
and covered by small cracks.

In September 1969, when marked
pellet groups were three summers old, they
were no longer conspicuous in Cladonia,
Cladina, and Cetraria lichen communities.
On close examination the pellets were
found, and on many, primary lichen thalli
had covered up to 10 per cent of the pellet
surface area. The thalli were on the area of
the pellet that was protected from direct ex-
posure. On one pellet a podetium of nearly
1 ¢cm in length was growing among the pri-
mary thalli. I also observed primary thalli
on the sheltered sides of moose pellets -
placed inside Enclosure No. 6, in June 1967,
3 years earlier. Evidently lichen regenera-
tion is quite rapid on certain substrates in
favourable environments.

2.4. Standing crop and nutritional

analysis

Chemical analyses of sub-samples
from 1-m? plots showed that the prolein
content of lichens ranged from 20 to 122
mg/g (means = 34 mg/g) and in vascular
plants from 5 to 137 mg/g (mean = 68
mg/g). The two Stereocaulon lichen samples
were especially high in protein (82.9 mg/g)
and energy (467 kcal/100 g) as were au-
tumn-collected samples of Ledum groenlan-
dicum and Equisetum fluviatile. Protein con-
tent of samples of the latter species varied
widely. This might be explained by different
collection periods. For example, Equisetum
Sample 22 with twice the protein content
was collected before, and Equisetum Sample

25 afler, a heavy frost and light snow cover.

Appendix 4 shows the dates on which 1-m?
plots were established, with locations and
forage types.

The energy content of dead podetia
of Cladina alpestris and Cladina rangiferina
differed little from that of living podetia
{Table 7), but protein content was lower in
dead podetia.

Lichens at most plots appeared free
of litter at first glance. However more than
two-thirds by weight of the material remov-
ed from any single plot consisted of litter.
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Figure 4.

Lichen standing crop plotted against age of tree

stand on study sites

Figure 4
Lichen standing crop
(kg/ha x 10%)
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Table 8

Estimation of standing crop of terrestrial lichens

{rom cover measurements and weighls of lichen divots

Lichen material per
dm2divot in lichen cover

Mean* % Mean* Standing erop, t
lichen cover % SE kg/ha
Plot 1 92 5.47 0.55 5,032
2 81 7.30 0.60 5,913
3 86 7.42 0.37 6,381
4 31 5.18 0.40 4,196
5 84 7.21 0.58 6,056
6 79 7.54 0.70 5,957
7 80 7.28 0.51 5,824
8 59 165 0.39 , 2,744
9 70 6.35 0.55 4,445
10 21 3.37 0.50 708
11 18 3.11 0.50 560
12 82 6.39 0.53 5,240
13 79 5.08 0.42 4,013
14 70 5.79 0.52 4,053
15 48 5.16 0.68 2,477
16 81 6.53 0.45 5,289
17 76 5.77 0.79 4,385
18 77 5.70 0.32 4,389
19 92 7.00 0.44 6,440
20 62 6.03 0.46 3,739
21 72 5.66 0.35 4,075
22 79 5.88 0.34 4,645
23 64 4.71 0.43 3,014
24 88 5.74 0.37 5,051
25 80 6.72 0.37 5,376
Encl. 1 Jack pine 85 6.93 0.49 5,891
2 Jack pine 80 5.48 0.62 4,384
3 Mixed spruce 79 7.86 0.69 6,209
and jack pine
4 Upland spruce 86 7.88 0.80 6,777
5 Upland spruce 70 4.80 0.51 3,360
6 Upland spruce 84 6.36 0.55 5,343

* Based on 20 macroplols, one divot in each, except
1n macroplots no. 6 and 7 and 11, in which num-
bers were 18, 19, and 16, respectively.

f Estimated by multiplying per centlichen cover by
mean weight of lichen material per dm?-divot
from liehen cover and converting product to kg/ha

Caribou would ingest some litter along with
lichens.

I found no relationship of the terres-
trial lichen standing crop with age of the
stand over 30 years. The local variation in
standing crop and species composition of
lichen stands could be at least partly asso-
cialed with differences in slope, drainage,
aspect, tree canopy, and past use by caribou.
The relationship between lichen slanding
crop and age of the stand (Fig. 4) is possibly
complicated by some or all of those factors.
The standing crop of all but two study sites
ranged from 2,000 to 7,000 kg/ha with the
greater amounts from the dry spruce sites
(Table 8). Two wet spruce sites supported
less than 800 kg/ha.
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Forage utilization

The previous seclion deseribed the
potential forage available Lo caribou i.n
different habitats. The following scction
describes the forage on which the caribou
were seen feeding or were known to have

fed.

1. Methods

1.1.  Winter forage ulilization
I made aerial observations of heavily

cratered sites during mid winter according

to habitat:

Stream or lake shores

densely treed
sparsely treed to treeless

Upl and

densely treed
sparsely treed to treeless
open muskegs and meadows

Lowland

[ observed caribou feeding behav-
iour, feeding siles, and feeding period
movements during all winter trips, using
binoculars, a tripod-mounted telescope,
and a flashlight, somelimes also a blind
built of snow.

1.2, Feeding craler observations and
enclosurcs

[ examined fresh snow craters dug by
foraging caribou and recorded the species
occurrence of browsed plants. Talso re-
corded signs of fresh hrowsing on tall
shrubs, trees, and on arboreal lichens.

I collected samples of browsed shrubs and
grazed lichens, forbs, and grasslike plants!
found in fresh craters. [ followed many
miles of caribou trails to collect feeding
niformation.

I constructed 15 enclosures on cra-
tered sites in winter and one in summer to
observe the effects of caribou on forage
during winter and the subsequent recovery
of the plants. The enclosures, from 70 to
900 m*, were in heavily cratered sites in
trecless to densely treed types.

Here and later in the text grasslike plants refers to:
Lquisclaceae, primarily Equisetum fluviatile; Grami-
nae, primarily Calamagrostis canadensis; and
Cyperaccae, primarily Carex aquatilis,
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Within the enclosures I marked in-
dividual craters by a tripod of saplings tied
together at the top. 1 used larger tripods of
long poles to mark off areas that were nol
cratered. [ tied a string around the trunks
of trees on which lichens had been utilized.
I made sketches of the enclosed arcas and
recorded locations of spols Lo be examined
during the summer. | constructed three
craler enelosures in January and February
1967 and 12 from November 1967 until
Mav 1968.

" 1econstrucled one enclosure of woven
wire mesh in September 1967 on a heavily
grazed site, and I marked the boundaries of
conspicniously grazed patches of lichens
with blaze-orange paint. [ also marked
grazed sites outside the wire enclosure with
slakes and paint to permit observation of
the recovery of the grazed lichens, and
sampled the vegelation inside the erater
enclosures similarlyv to the permanent en-
closures, with 10 randomly located micro-
plots measured with the 20 x 50 dm frame
(Daubenmire, 1959). The macroplot was
20 x 5 m inslead of the 25 x 5 m sample in
the permanent enclosure.

Anantensivelv eratered site in sparse sprace in
northern Manitoba, This s tepical of mid winter
cratering activity in deep solt snow

1.3.  Rumen contenls

Although the interpretation of anal-
yses of rumen samples is complicated by the
i)l'nl)lpm of differcitial digestion rates (Ber-
gerud and Russell, 1961), rumen sampling
provides quantilative information on lood
habits of wild ruminanlts.

[ analvsed rumen samples from 340
caribou shot in the study area for physio-
logical and demographic study from 1966
to 1968. [ analvsed aun additional 279 ru-
mens from caribou shol on the tundra and
ecotone between tundra and taiga during
the same vears.

[ collected about onc litre of rumen
contents from each caribou, mixed it with
either 10 per cent formalin solution or 95
per cent ethyl alcohol and transferred it to
the laboratory. I shook the sample and took
a 100-ml subsample which T washed, seived,
and sorted into the following categories:

(1) mosses and liverworls, (2) (wigs, (3)
Jeaves, (4) grasses and grasslike plants,

(5) conifer needles, (6) lichens, and (7)
mushrooms. No more than 2 hours was al-
lowed for the sorting after which the sample
was air-dried, weighed, and prescrved in 10

A fresh caribou trail Jeading to two Larix laricina
trees heavily damaged by feeding activity on ar-
boreal lichens

o o "

per cent alcohol. [ discarded material un-
sorted after the 2-hour limit.

[ repeated the analyses of two rumen
samples, from each winter collection pe-
riod, to check the consistency of the tech-
nique. [ divided according Lo species, genus
or broader group the samples of the broad
categories: mosses and liverworts, leaves,
grasslike plants, conifer needles, and
lichens.

2. Results
2.1, Winter forage utilization

I'rom aerial observations during I'eb-
ruary 1967 and 1968, upland, semi-open to
open spruce stands appeared to be the sites
most frequently used by feeding caribou
during mid winter (Table 9). Lowland sites
comprising muskegs, meadows, and grassy
river and lake shores received more use in
1966-67 than in 1967-68. Caribou were in
continuous movement northeast along
drainage systems in 1966-67 and compar-
atively stalionary in 1967-68.

In November-December 1967, mi-
grating caribou were not restricted to the
usual routes along water or eskers. Their

e ——

o

P

movements were not impeded by snow
depth or crust. Caribou were observed
feeding mainly at dawn and dusk on both
upland and lowland sites and on lake and
stream shores. They consistently fed during
early winter in Lquisetum fluviatile and
Carex aquatilis communities on the shores
of streams and lakes.

By I'ebruary 1967, [ observed caribou
feeding less along lake and stream shores
and more in semi-open upland spruce and
jack pine stands, though along the Coch-
rane River they still fed extensively on
Equisetum fluviatile and Carex aquatilis.

At Bonokowski Lake in northeastern
Saskatchewan | saw feedingactivity in up-
land, semi-open, white birch, and spruce
stands and in lowland spruce sites where
ericaceous plants and terrestrial lichens
were abundant. I observed caribou feeding
at midnight in late February at the shore of
Bonokowski Lake and migrating in daylight
or darkness. They migrated most consis-
tently during the coldest periods.

[n mid February 1968, caribou under
observation at Hara Lake, Saskatchewan
migrated steadily northward. They fed in

early morning and early evening though
steady movements occurred anytime. Most
feeding was on uplands in semi-open to
dense spruce, and in white birch stands on
islands. By the end of IFebruary, caribou
had become stationary in the Hara Lake
area, and daily feeding and resting periods
became more regular. Caribou fed at similar
sites as in mid I'ebruary but [ observed
them resting on the lake ice more regularly
and for longer intervals after early morning
feeding periods.

In April the hardening of the snow
crust from 2 months of trampling (Parker,
1972), and the effects of the sun and wind,
caused a dramatic change in food habils.

At Hara Lake, by mid April 1968, caribou
fed almost exclusively on arboreal lichens
and twigs of deciduous shrubs and trees, at
midday as well as in early morning and
evening.

By the end of April when the snow
crust had softened, caribou no longer fed
on arboreal lichens or browse. Instead they
fed on terrestrial lichens and ericaceous
plants that became available at thawed
palches at the bases of trees, and on south-
ern exposures of lake and stream banks,
and eskers. Earlier in winter, caribou grazed
repeatedly on the newly exposed foliage
on southerly exposed slopes, cratered
earlier in winter. As the snow receded with
each day, feeding activities became more
frequent and intense.

Only one animal fed in a crater at any
time and caribou competed for certain cra-
ter sites. In early spring caribou fought
with antlers and forefeet for preferred
feeding sites.

2.2. Feeding crater observations and

enclosures

The collection of plants from craters
showed that grasses (Calamagrostis),
sedges (Carex), and horsetails (Lquisetum)
were slightly more numerous than lichens
at the feeding sites used in November and
December (Table 10). As winter progressed
lichens became the most common forage
item. Ledum was the most common woody
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Table 9
Percentage frequency of heavily cratered sites
among habitat types observed from the air in Febru-
ary 1967 and 1968 .
’ Upland sites Lowland sites ﬂ
Spruce, Spruce, Spruce and Jack pine, Open Meadow Muskeg
semi-open dense jaek pine, semi-open esker and lake
semi-open and dense ] shores
1967* n=8l 54 1 0 0 4 . 12 29
19681, n =203 57 4 8 1 4 16 } 10
* Brochet — Fort Hall Lake area. : )
1 Broehet — Hara Lake area.
Table 11

Table 10

Percentage frequency ol forage items found in
erater and arboreal forage colleetions iu early, mid,
and late winter, 1967-68

Occurrence of lichens and vascular plants at car-
ibou feeding sites used in mid and late winter, 1968
at Hara Lake, Saskatchewan

Early winter

Mid winter Late winter

November-December Feb. April-May

(n=32) {n=16) (n=145)

Lichens 47 81 82
Arboreal 9 19 13
Cladina 34 56 61
Cladonia 22 38 42
Sterencaulon 16 31 30
Cetraria 34 31 26
Peltigera and Nephroma 0 0 4
Foliose 0 0 6
Grasslike planis* 50 19 14
Woody plants 9 25 24
Lycopodinm spp. 0 6 2
Myrica gale 3 0 0
Empetrum nigrum 0 0 V 5
Ledum spp. -0 25 5
Kalmia polifolia 3 0 0
Arctostaphylos uva-ursi 0 0 3
Vaccinium vitis-idaea 3 13 23
Vaccinium oxycoccus 0 0 0

* Includes Equisetum fluviatile, Calamagrostis cana-
densis, and Carex aqualilis.

plantat sites used in February, and Facci-
niwm vitis-idaea at sites used in April and
May.

Observations of craters and browsed
trees and shrubs at Hara Lake, Saskatch-
ewan from February to May agreed with the
dramatic change observed in caribou feed-
ing. In April-May arboreal lichens in-
creased in importance while Ledum, Vicei-
nium uliginosum, and Empetrum nigrum were
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less common in craters than they had been
in February (Table 11). Empetrum, how-
ever, was utilized more by caribou in May
when bare palches appeared in the snow
cover.

In late February 1967 at Bonokowski
Lake, Saskatchewan, the lichen, Stereo-
caulon, appeared to be equally as common
in fresh caribou eraters as Cladina, Clado-
niw, and Cetraria, However, no quantitative

Occurrence, %

February April
17-26* 23-981

Terrestrial lichens 36 35
Arboreal lichens 0 46
Ledum groenlandicum 41 15
Vaceinium uliginosum? 10 2
Chamaedaphne calyculata Tr Tr
Empetrum nigrum 12 2
Arctostaphylos uva-ursi Tr Tr
Lycopodium spp. Tr 0
Salix spp. 0o Tr

* 26 feeding sites, 541 craters,
t 20 feeding sites, 202 craters and 365 trees.
1 Vaccinium vitis-idaea was not always recorded.

data were collected at that time. On April
27 and 28, 1968, at Hara Lake, a survey of
craters revealed that Stereocaulon was pres-
entin 107 craters compared with Cladina, j\
Cladonia, and Cetraria in 110 craters.

The enclosures built on cratered sites B
were in treeless to densely treed areas, the
latter with trees aged from 35 10 129 years
{Table 12). Most were in semi-open spruce,
but one enclosure (No. 13) was consiructed
at a site in dense spruce where the caribou
had fed extensively on arboreal lichens.

There was no apparent difference be-
tween February and April-May periods in
either the intermediate or ground cover of
sites used by caribou at Hara Lake, Sas-
katchewan (Table 13}, Faccinium vitis-
idaca, Ledum spp., and ¥ uliginosum, in

Tablc 12
Location, date established, size, and forest cover
of erater enclosures

Trees
Date Size, Mean ht., Mean d.b.h., Age,
No. Location established m? Forest eover type m. cm. yr.
1 Cochrane River, Man. 1967 January 818 Jack pine, semi-open 9.6 12.9 84
2 Cochrane River, Man. February 158 Lake shore 0 0
3 Bonokowski Lake, Sask. February 391 Spruce and white birch, open 8.9 97
4 Lac Brochet, Man, September 65 Spruce, semi-open 10.1 14.5 129
5 Little Jackfish Lake, Man, Novemher 119 Spruce and white birch, open 10.2 18.8 73
6 Mihekun Lake, Man. December 221 Spruce, semi-open 7.1 9.9 84
7 Lac Brochet, Man. Decemher 230 Spruce, open 6.1 10.4 35
8 Lac Brochet, Man. December 90 Lake shore 0 0
9 Hara Lake, Sask. 1968 February 225 Spruce, semi-open 8.9 69
10 Hara Lake, Sask. February 250 Spruce, semi-open 10,7 15.7 122
11 Hara Lake, Sask. February 253 Spruce, semi-open 8.5 10.9 116
12 Hara Lake, Sask. February 100 Spruce, semi-open 7.9 15.0 52
13 Hara Lake, Sask. April 215 Spruce, semi-open to dense 8.2 12,2 116
14 Hara Lake, Sask. May 332 Spruce and white birch, semi-open 11.5 14.0 104
15 Hara Lake, Sask. May 193 Spruce and white birch, open 4.9 8.1 49
16 Hara Lake, Sask. May 293 Spruce, semi-open 6.6 10.2 70
order of importance, made up most of the Table 13
intermediate cover, and lichens and mosses Percentage intermediate and ground cover in the
made up the living portion of the ground caribou crater enclosures at Hara Lake, Saskatch-
cover, | did not observe any exposed turf cran -
or mineral soil in the enelosures, but the February April
ground cover included much wood and - ? 10 1 12 13 . 15 1o
litter., Intermediate cover
When I examined sites cratered in ?qaim"m 0 0 0 0 Tr 0 0 \0
November-December in summer, evidence Grasslike pl_ar‘lts o 0 0 0 0 0 0 Ir
of grazing was barely recognizable. In Feb- geocau{on hfmé“m 0 0 T_,r g 0 0 0 12
ruary enclosures, lichen forage in individ- Ln;pemfm - 12 ]0 ? 57 5 3(5) 22 3
ual craters showed some disarrangement Ke ;mf PP 0 0 r 23 - T
and slight utilization, Stems of Ledum gro- e pnl?fo‘lw 0 0 0 0 Ir 0 0 —
enfundicun and Vaccinium uliginosum, in ;,,aé:clﬁn‘x.um u?l?gmsum 62 20 8 - O 0 12 0 o0
parlicular, showed signs of both trampling c /awsn‘win vitis-idaca - 30 4 33 12 50 8 20
damage and browsing. In April before snow ’r;}l: \L‘mer 5 - . - - - - ‘
depths decreased and the crust melted, most II?L on 4 2 '_7 25 >2 DE 33 [
intermediate and ground cover plants were AVerworts 0 0 - ‘?‘ . (,) = 0 _0
) N . Mosses 0 83 25 28 35 27 57 50
protected from grazing and trampling. Cor- Wood and densi 5 55 23 G > - — -
ticolous lichens, tall shrubs, and deciduous cod e cens - - - 05 4‘f 43 35 20
lrees were browsed extensively at that Rock 2 0 0 X ¢ 0
stage. However, when the snow crust soft-
ened in May there was an immediate return
to terrestrial forage, and at snow-free sites
used during that period the boundaries of
the grazed sites were unmistakable.
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Poles used to mark boundary of caribou crater
inside enclosurc at Hara Lake, Saskatchewan

Enclosure formed around area cratered by caribou
in the winter, Hara Lake, Saskatchewan

Caribou feeding on exposed slopes

2.3.  Rumen conlents
| I combined the plant species found
in caribou rumens into forage classes.
Table 14 shows rumen conlents of caribou
) collected in the taiga.

Using chi-square Lests, [ found no
differences in forage classes used belween
sexes or between cows in different repro-
ductive conditions. I found few significant
differences between locations within sea-
sons. However forage utilized changed
markedly according to the season.

2.3.1. Locational changes

Caribou were usually killed on lakes
at several locations during each season
(Miller, 1974). I found no significant differ-
ence (P>0.05) in rumen contents between
locations within seasons, except in June
1967, and April 1967 and 1968 (P <0.001).
Most catibou were shot while resting on
lakes, and their immediately previous move-
ments and feeding were unknown. How-
ever, some caribou were observed before
being killed, and the feeding observations
agreed closely with the rumen analyses.
Rumen samples from nine caribou collected
in January and February 1967, when they
were migrating northward, suggested a shift
duringa 1-month period from a predom-
inantly lichen diet on the lower Cochrane
River, Manitoba to twigs and leaves at
Bonokowski Lake, Saskatchewan. Grasslike
plants were an important forage class in
rumen samples collected in the Misty Lake
area along the upper Cochrane River during
early I'ebruary.

2.3.2. Seasonal changes

Analysis of 13 rumen samples col-
lected in winter 1967-68 suggested that the
caribou foraged on grasslike plants and
lichens in early winter, and lichens and
twigs and leaves of broad-leaved shrubs in
mid and late winter, with lichens making
up the major portion of the combined
sample.

A seasonal comparison of the sample
of 545 rumens (Table 15, Fig. 5) shows

marked changes in proportions of the forage
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Table 14

Percentage occurrence of plants in caribou rumen
samples. Numbers in parentheses indicate numbers

of rumens sampled

Collection period

Jan.-Feb. 7April November
Plants 1967 1966 1967 1968 1966 1067
Bryophyta (14 (19) 20)  (20) (20) (20)
= ,an\'[riTJIum commine B 7437 o 21 40 10 E 2_§
P /'uini,nr;rnum 7 50 6 8 70 70 35
P piliferum a 36 0 66 20 55 20
" Dicranum spp,ﬁ 50 63 95 15 20 35
br;punOCIIuZus uncinatus 14 0 25 5 0 5
 Pleurozium schreberi 57 58 85 68 20 50
Hylocomium s;hﬂe;s N 0 0 s 0 0 0
Prilidium ciliare 64 84 LOO 75 25 50
i,lr'hons - (7 126) B (éTO) (772) (85) ) (5_)
" Cladina spp.. 100 9% 90 100 100 100
Cladonia spp. 13 05 20 54 62 42
Stereocaulon %—pp—i 86 62 96 TS 35 53
Cetraria spp. - 0 0 0 0 40
Dead podetia 100 89 97 100 100 100
5% dead podetia 86 75 82 o4 28 30
Coniler needles an- (Hl) (19 (16) (23) (%_%)
Larix laricina - 73 50 24 31 87 52
Picewspp. 100 100 100 100 78 100
* Pinus hanksiana - 55 80 18 25 9 100
Woody angiosperms (12) (16)  (16) (16) (15) (16)
 Salix spp. B 0 0 0 0 0 0
" Betula spp. - 17 19 63 50 13 38
Rubus chamaemorus a 8 0 0 19 0o 0
E_mpplrum ni;zmz. 0 - 0 0 0 0 6
" Ledumspp. 67 75 94 94 100 81
Loiselenria procuhzbans 0 6 o o 0 0
Kalmia polifolia o 42 31 19 ETR 47 50
~ Andromeda polifoliu 25 6 19 44 80 50
 Chamaedaphne calyculata 0 6 0 50 iy 40 6
A rctoslapﬁ}[og rubra 0 6 0 0 0 0
" Vaccinium 'u/i_gin osum 92 81 75 19 07 81
V. myrtilloides 92 94 38 44 100 88
V. vitis-idaca 100 100 100 100 100 100
Oxycoccus microcarpus 0 o 6 0 20 0
Grasslike plants (10) (15) (8) (15) 9)
~ Equisetum spp. _ 60 20 13 - 100 89
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classes as the caribou moved through dif-
ferent habitat types. In the taiga lichens
dominated the diet, especially in November.
In April there was significantly (P <0.001)
less lichen in the rumens than in Novem-
ber, and a significant (P <0.001) increase
in twigs and leaves. In rumen samples col-
lected in November grasslike plants were
the second most abundant forage item, and
that finding was supported by observations
of grazing caribou. Although in April the
proportion of grasslike plants had signif-
icantly (P <0.01) decreased, by June they
made up almost half the rumen contents.
Dominance of lichen forage in rumens had
significantly (P <0.001) decreased from 80
per cent in November to about 50 per cent
in April, dropping to about 10 per centin
June. The amounts of twigs and leaves were
similar in April and June, but increased
significantly (P <0.001) in July, when they
dominated the diet. Compared to June,
about half as many July rumens were dom-
inated by grasslike plants and none by li-
chens. In September the caribou fed in the
forest-tundra zone, and their diet appears
to have varied considerably depending on
the availability of mushrooms. Between
September 1966 and 1967, there were sig-
nificantly different (P <0.001) proportions
of twigs and leaves and mushrooms.

The seasonal changes in the diet were
modified by changes found between years.
The rumen analyses suggest that caribou
use woody plants and grass at about the
same rate each year, but feeding on lichens
and mushrooms may vary. Between April
1967 and 1968, there was a significant dif-
ference (P <0.001) in use of lichens. Du-
ring April, therefore, availability determines
the use of lichens; in Seplember the use of
mushrooms depends on their availability.

2.3.3. Forage selection on laiga

Cladonia spp. and Cladinea spp. far
exceeded the occurrence and abundance of
either Stereocaulon spp. or Cetraria spp. in
the rumen samples collected from the taiga
(Table 14). Cladina spp. made up a greater
proportion of winter rumen contents than
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Figure 5
Weight of five major forage items found in caribou
rumens collected in 1966-1968

Figure 5
Mean dry wt., (g)
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Cladonia spp., although both genera occur-
red in most rumens. Stereocaulon spp. was
a major component of the contents of some
rumens collected in April.

Dead portions of lichen podetia oc-
curred in most caribou rumen samples col-
lected from the taiga, and half of the sam-
ples contained 5 per cent or more dead po-
detia {Table 14). The larger proportion of
dead podetia in the April rumen samples,
when compared to November, suggests that
the caribou were either selecting forage dif-

ferently or feeding in different lichen com-
munities in the 2 months. The primary li-
chen thallus was common in both Novem-
ber and April rumen collections.
Vaccinium vitis-idaea was the most
common vascular plant eaten by caribou in
the taiga in winter according to the occur-
rence of leaves in rumens {Table 14).
Ledum spp., Vaccinium uliginosum and V.
myrtilloides were also common in winter
rumens. Andromeda polifolia and Kalmia

polifolic occurred more commonly-in ru-

*

Table 15

Seasonal comparison by weight of rumen contents

% of rumens in which forage class dominated

Period of Twigs and Grasslike
No. rumens collection leaves plants Lichen  Mushrooms
126 November 1966-68 4 13 81 2
162 ‘ April 196668 43 4 52 1
132 June* 1966-68 42 47 11
39 July 1968 7 23
22 September 1966 27 73
64 September 1967 81 11 8

Rumens collected from 66°00’N to 65°00°N,
99°00’'W to 100°00°W in June 1967 were different
{p <0.001); otherwise all locations combined.

mens collected in November and January-
February than in those collected in April,
suggesting that caribou fed more frequently
in muskegs in early and mid winter. That
was particularly evident when the relative
abundance of the lwo plants in rumens was
compared between the three winter seasens

- (Table 14).

Equisetum was found in some rumens
collected in Septlember, but was most com-
mon in November samples, and became
progressively less common in the mid and
late winter periods (Table 14). Jack pine
needles appeared frequently in November
rumens, the perioed when caribou were col-
lected in the southern portion of the taiga
winter range where jack pine stands are
common. The occurrence of tamarack need-
les in rumens from the three winter periods
suggests that caribou feed partly in lowland
areas throughout winter. Tamarack is a
common tree in the lransition zone where
the September 1966 caribou collections
were made, and was the most common Iree
species represented in those rumens.
Mosses occurred frequently in earibou ru-
mens, either selected or accidentally eaten
with other {ood. Eight moss species were
identified in winter rumens and six were
common in some seasons (Table 14). Ptili-
dium ciliare, however, was the only moss
well represented during each collection
period.
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Physiecal
environment

Figure 6
Daily range ol temperatures recorded at sites with-
in caribou range in the taiga during carly, mid, and

late winter periods, 1967-1968

Figure 6
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1. Methods

Measurements of the climate, in
particular snow characteristics, helped to
determine foraging patterns of the caribou.

1.1.  Climatic measurements

I took climatic readings from 1966 to
1968 in the study area. [ recorded temper-
atures from lake and coniferous forest sites
using Taylor maximum-minimum thermo-
meters. | placed the thermometers about
1 m above the snow surface. On lakes,
[ attached a thermomeler to a spruce sap-
ling anchored in snow at the edge of the
wind shadow and, in forests, to the trunk
of a spruce tree. The thermometers faced
approximately north to prevent direct ex-
posure to the midday sun. I recorded tem-
peralures every morning and evening, and
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during the day when weather changes were
conspicuous. [ used a Weston dialed soil
thermometer with a 20-cm stem lo record
air temperatures away from camp and to
measure temperatures below the snow over
ground and lake ice, and periodically to
check the accuracy of the maximum-
minimum thermometers.

I estimated wind speed and direction
each morning and evening at the same time
as the temperatures were recorded. I check-
ed estimates with an anemometer on one
winter trip.

I measured undisturbed snow depths
by probingat 10 or more points in each
cover type and measured the hardness of
snow crusts with an aluminum penetro-
meler designed and constructed by the Na-
tional Research Council. That instrument

.

measures Lhe pressure required, in pounds
per square inch, for a disc of a known sur-

face area to penetrate the crust. [ used two
discs, one for Jight and one for hard crusts.

1.2, Soil analysis

I collected soil samples from the
study siles by extracting a plug from each
corner and from the center of the macro-
plot. The Department of Soil Science at the
University of Guelph analysed soils for
texture and pH and for phosphorus, potas-
sium, magnesium, and calcinm content.

2. Results
2.1.  Climalic measurements

The winter climate on the taiga varies
from year to year, especially the mid winter
climate. Between I'ebruary 18 and 27, 1967,

Figure 7
Range of snow depths measured in cover types
during early, mid, and late winter periods, 1967~

1968

Figure 7
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temperatures I recorded during field studies
ranged between —43°and —19°C, and
between the sume dates in 1968, the tem.
perature extremes were —43%and —4°C,
On five days of the Jatier period the tem-
perature rose above —18°C.

A comparison of daily lemperature
ranges for 1967-68 shows that greater tem-
perature fluctuations, both within and he-
tween days, occurred in mid winler than in
either early or late winter (Iig. 6). Tem-
peratures rose above freezing on April 12,
1966, and April 24, 1968. The variation be-
lween years in the oceurrence ol above-
freezing temperatures affects the timing of
thawing of the snow surface.

The insulating effect of snow is im-
portant for the survival of forage plants.
Irecorded temperatures of =7 to -2°C be-

neath 66 to 71 cm of snow in January.
Equisetum fluviatile, young, green sprouts of
Carex aquatilis, lichens, and other forage
plants beneath the snow surface are supple
at such temperatures. Temperature of the
lake ice surface under 50 cm of snow was
—4°C in February when the ambient 1em-
perature was — 32°C.

The snow was deepest on the lake
shores, where drifts had accumulated
among the first lines of trees and shrubs
and in the lee of eskers,

In mid winter, 1967, the greatest
snow depth recorded was 89 cm at a lake
shore site, while on the same day depths
on the open lake ranged from 35 to 53 em
and in semi-open conifer stands from 74 to
79 cm. In dense spruce stands the brauches
intercepted much of the snowfall in early

winter, resulting in smaller depths on the
ground. Strong winds in mid winter dis-
persed the snow from the branches making
depths on the ground in dense spruce sim-
ilar 1o those of other habitats (Fig. 7). Prior
to extensive thaws in late winter, the snow
depth on lake and stream shores commonly
reached 0.9 to 1.2 m. Snow depths in both
semi-open and dense cover types remained
similar to those recorded in mid winter,
but on lakes a sharp decrease occurred by
late winter,

Hard crusts appeared on lake snow
by mid February 1968, as a result of wind.
Large, rounded or razor-edged drifts formed
on lakes during February creating an ex-
tremely uneven surface. The hard crust
extended inland a short distance from lake
and stream shores; in semi-open and dense
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conifer cover types the snow surface was
only slightly harder than in early winter.
But by late winter snow erusts on both open
and semi-open siles were hard. Strong
crusts developed on exposed sites when the
sun melted the surface snow which froze in
the evening. In addition, snow particles
disturbed by daily feeding and movement
of caribou fused together Lo form strong
crusts. By mid April soft snow remained
only in undisturbed, dense conifer sites.
Crusts deteriorated rapidly by early May,
breaking down first in the open siles, espe-
cially on southern exposures or eskers,
hills, and steep banks of streams and lakes.
Crusts formed during cold nights but
thawed quickly on sunny days. Snow
depths decreased rapidly in the open during
that period, but slowly in semi-open and
densely treed arcas exceptaround tree bases
where the vegetation became exposed early.
Snow hardness was exlremely im-
portant Lo caribou movement; it dictated
the ease with which they could feed, mi-
grate, and escape. Shallow, soft snow was
no hindrance, but deep, soft snow impeded
movements and excavation of craters. As
a crust developed on the surface of deep
snow caribou moved with inereasing diffi-
culty until it was strong enough to bear
their weight. Juveniles were supported by
snow with a crust strength of 1.4 to 2.1 kg
per em? and adulls by snow with a crust
strength of 2.1 1o 2.8 kg per em*. Wolves
walked on snow crusts with a strength of
1.1 kg per em® and a 352-kg man wearing
mocassins could walk on snow witha
strength of 1.8 kg per em?,

2.2, Seil analysis
Soils at study plots and exclosures

were extremely acid and alt but one of the
plots was on course sand. Except al Study
Plot No. 10, magnesium and calcium were
scarce. The caribou habit of gnawing cast
antlers suggests that the calcium shorlage
may be important.
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Discussion

1.  Snow

“ssential to the assessment of the
taiga winter range is an understanding of
caribou food habits, movements, and behav-
jour as related to the winter environment.
That environment is constantly changing
as a result of seasonal variation in depth
and densily of snow and hardness of crust
(Formosov, 1946; Pruitt, 1959). The char-
acter of the snow cover determines both the
mobility of caribou and forage availability.
Because caribou locate forage beneath the
snow by smell (Skoog, 1968), snow condi-
tion plays an important role in the location
of feeding craters as well as in the n umber
of craters that can be dugatany one site
(Pruitt, 1959).

In early winter caribou movements
are nol hindered by snow. Caribou move
freely over their range. Crater enclosures
showed that they did minimum damage to
the terrestrial forage supply during that
period. The preferred feeding sites appeared
to be along stream and lake shores in dense
stands of Equisetum fluviatile and Carex
aquatilis,

As the snow depth increases caribou
become confined to areas with the most
favourable conditions (Henshaw, 1964).
The eritical limit of snow depth for caribou
or reindeer is about 50 to 60 ¢cm {Formosov,
1946; Pruitt, 1959; Henshaw, 1964).. T ob-
served that in about 50 ¢m of soft snow
caribou were conlined to established trails;
that depth was attained between mid De-
cember and mid February and marked the
change between the early and mid winter
periods.

Caribou continue migrating during
the early stages of mid winter; later their
movements become less predictable. In
1967 Kaminuriak caribou continued mi-
grating until mid April, whereas in 1968
they were relatively sedentary between
February and May. Forage use differed be-
tween the two winters although snow
depths were similar. In 1967 migrating car-
ibou utilized forage along streams, lakes,
muskegs, and meadows. Accessible feeding
areas along well-used migration routes re-
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ceived intense use but for only a short time.

Longer and more intensive use of small
feeding arcas was made in 1968 when the
herds were more sedentary. Rumen anal-
yses showed that mosses were consumed in
larger amounts and in greater variety dur-
ingmid winter 1967 when the herds were
migrating than in 1968 when they were
more sedentary, This suggests use of differ-
ent habitats. Aerial and ground observa-
tions of cartbou feeding eraters during the
two winters confirmed this. Utilization of
different habilats during separate winters
is an important factor in determining
range capacilies,

In fate winter when snow crusts had
formed caribou adapted by foraging on
arboreal lichens, and on white birch and
willow along lake and stream shores, Car-
ibou used those sources of forage infre-
quently until late winter and then inten-
sively until spring. The extent of usc of the
above-snow forage depends on the density
of caribou and the duration of the late-
winter period. A delay in the softening of
snow crusts could extend that period by as
long as 3 weeks. Caribou became relatively
sedentary each winter when the snow
became generally crusted from thawing
and freezing.

Caribou return o a terresirial forage
diet du ring early spring when the snow
crust is sofiened by sun. The erust softens
first on open southern exposures, especially
at the bottom of old craters and on steep
banks of eskers, lakes, and streams. Snow
depths diminish rapidly at exposed sites
and caribou seek out bare patches in old
craters. Caribou re-use craters as long us
the forage remains exposed and boundaries
of craters show up elearly during the fol-

. lowing summer. Steep south-facing ex-

posed banks also become snow-frec and
caribou may use 50 per cent or more of the
rli:rreslrial lichen in those small, locul areus.
They graze bare banks cven more repeatedly
than old cralers, and consume all but the
smallest lichen podetia. They also inlen-
stvely ulilize vascular plants, especially
Vaccinium vitis-idaea, on the exposed sites.

A third site that becomes exposed in early
spring is the area at the base of a conifer,
called “quamanig” by Pruitt (1959}, where
caribou graze on exposed lichens and vas-
cular plants, In addition, according to
summer observations, caribou dig in soft
snow al the ouler margins of spruce trees
on the margins of “quamanig™ and use the
tall lichens that often grow there. Those li-
chens are more disarranged than heavily
ealen, but crater margins are distinet. Car-
ibou begin their migration towards the
calving grounds about the same time that
bare patehes appear on the south-facing
banks, und therefore damage is confined to
arelatively small area along migration
roules. Andreev (1961) stated that mi-
grating reindeer keep strictly to arcas where
there are thawed patches and food is more
easily obtainable and gradually move north-
ward as the snow thaws.

2. Food habits

Studies of craters, cratered sites, and
analyses of rumen contents collected during
spring and early, mid and late winter have
demonstrated that tervestrial lichens are the
primary forage of caribou on the taiga win-
ter range. However, caribou can thrive
without lichens (Palmer, 1926; Murie,
1935; Skoog, 1968) and normally supple-
menl their lichen diet with other plant
foods. Use of non-lichen forage probably
increases digestibility of lichens {Scotter,
1964). According to Druri (1960) and Aht
and Hepburn (1967) lichens alone are
nutritionally inadequate to sustain caribou
and reindeer for long, but Palmer (1926)
and Poijarvi (1945) report that under
protected conditions reindeer have thrived
on lichens alone. I for no other reason
than abundance and availabilily, terrestrial
lichens ure the most important winter food
of the Kaminuriak Population.

As was found by Secotter (1967),
Cladina lichens made up the bulk of the
winter rumen contents. They were also the
dominant lichen group found on the taiga
winter range. Cladina mitis and Cladina al-
pestris were Lhe most abundant species

found on the study plots. Ahti (1959)

found Cladina mitis in Newfoundland to be
“a most abundanl species owing 1o its rapid
regeneration” and he believed it “to be

the most important food-lichen of the car-
ibou.” Cladine alpestris, on the other hand,
is a less preferred reindeer forage in Scandi-
navia und northwestern Manitoba (Scoller,
1965¢}, although in certain arcas of Russia
according to Kareev {1968} it is “'reindeer’s
main lichen fodder during winter.”

As a preferred caribou forage Stereo-
caulon is nexl Lo the Cladina spp. on the
basis of its abundance in winter rumen
samples aud uneven distributions on the
taiga (Fig. 8). Although there is a possible
bias in the rumen analyses, as Stereocaulon
is easily recognizable, crater observations
in April at Hara Lake, Saskatchewan attest
to its importance as late-winter forage. On
favourable sites Stereocaulon recovers ra-
pidly from earibou utilization or mechanical
disturbance. [t has a higher protein content
than Cladina or Cladonia. Kareev (1968)
states that Stereocaulon puschale in Russia
““is considered as a good fodder for young
animals and, in cerlain cases, included
among the fatlening varieties of fodder
plants.”

The manner in which caribou use
terrestrial lichens is important. Some in-
vestigalors (Andreev, 1954; Skuncke, 1963;
Scotter, 1964; Skoog, 1968; Pegau, 1968a}
suggest that they nip off the living portions
of terrestrial lichens and lichen recovery
from such grazing depends on the per cent
of tips removed. [ observed top-cropping of
lichens only during a limited period in
spring. During early and mid-winter pe-
riods the caribou plucks and eats the entire
lichen podetium, with exception of the
dead jelly-like portion. | observed this
method of feeding in eraters and confirmed
it by rumen analyses. The dead portion of
the lichen podetium and particularly the
black portion of Cladonia rangiferina was
common in rumen contents. Even the
primary thallus, which is the portion of the
fichen that is altached to the substrate,
was common in winter rumen samples,
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Figure 8 _
A comparison of percentage occurrence of the four

most common lichen genera
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Inclusion of the dead portions of lichen
podetia as well as the living portions in-
creases the potential lichen forage supply
by 100 per cent (Scotter, 1963). During
certain periods of early spring, however,
caribou crop upper portions of exposed li-
chens from previously dug craters. Water
appears in the thawed crater by day and
freezes at night, and the exposed lichens
thaw gradually from the top the following
day. [ observed top-cropping of lichens in
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this study only during those limited periods
of carly spring, freeze-thaw conditions.
Arboreal lichens are an important
source of winter forage in the taiga, espe-
cially in periods of extremely hard snow
conditions during late winter (Hustich,
1951; Banfield, 1954; Cringan, 1957; Kd-
wards and Riteey, 1960). Arboreal lichens
probably help to maintain a balanced rumen
environment for micro-organisms during
the period when terrestrial lichens are inac-

cessible. Scotter (1965b) found arboreal
lichens Lo be relatively abundant in north-
western Manitoba, and I observed them to
be more abundant there than in taiga car-
ibou ranges of central Alaska.

Grass-like plants arve the major non-
lichen forage utilized in the taiga during
early winter and occasionally during early
spring. Carex aquatilis and Equisetum fluvia-
tile ave the primary grasslike plants used in
northwestern Manitoba. Carex aquatilisis
the most abundant sedge in the “marsh-
lands” of the area (Baldwin, 1953). That
plaut provides the richest reserves of
“undersnow’ green vegelation for reindeer
in parts of Russia (Kareev, 1968), and is
also considered especially important to car-
ibou in Alaska (Skoog, 1968). Loughrey
(1952) reported Equisetum heavily used by
wintering caribou al a site in northern Man-
itoba, and Skoog (1956) reported it heavily
used in Alaska at all times of the year. In
parts of Russia Equisetum is a good winter
forage (Aleksandrova and Andreev, 1964)
where it is eaten green as well as brown
(Karecv, 1968). Aleksandrova and Andreev
(1964) stated that "The ash is very rich in
calcium, potassium, phosphorous and other
elements of mineral nutrition.” Baldwin
(1953) listed Equisetum fluviatile as “‘com-
mon and abundant on alluvium of the
Cochrane River and silied bays of the larger
lakes” in northwestern Mauitoba.

In mid winter, and more often in late
winter and early spring, the major non-
Jichen forage items include leaves and twigs
of woody plants. Leaves of Vaccinium vitis-
idaea are the most utilized although mod-
erale amounts of Faccinium myralloides,
and V. uliginosum are also consumed.
Scotter (1965¢) observed that caribou had
stripped leaves from Vaccinium vitis-idaea
in northern Saskatchewan, and he thought
that it might be an imporlant source of pro-
tein. Skuncke (1963) attaches high sig-
nificance to that species as a winter forage
for reindeer in Sweden. Baldwin (1953)
found Vaccinium vitis-idaea one of the most

common plants in the area he examined in
northwestern Manitoba. Argus {1966) re-
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ported it abundant in the area he studied in
northeastern Saskatchewan. I found it to
be the most common vascular plantin the
study area.

[ found Ledum groenlandicum to be
common cxcept on well-drained, sandy soils
supporting jack pine, and Scotter (1964)
also recorded it as a common plant on the
raiga. Kelsall (1960) described it as a pre-
ferred forage of barren-ground caribou, and
Simkin (1965) reported it as heavily used
by woodland caribou in Ontario. Scotter
(1964}, although he found it in rumen
samples, suggested that it may be eaten ac-
cidently. Similarly my rumen analyses do
not suggest that Ledum groenlandicum is
important in the winter diet. Caribou often
crater in sites dominated by Ledum groen-
landicum, but 1 believe that the reason may
be thal they can detect other forage be-
neath deep snow more easily in the pres-
ence of Ledum shrubs, and eraters are more
easily excavaled there than in sites free of
intermediate-sized shrubs,

Woody twigs make up a large portion
of non-lichen material found in rumens
although differential digestion rates exag-
gerate their abundance (Bergerud and
Russell, 1964)}. Caribou browse white birch
and willow occasionally throughout the
winter but especially during late winter
when a hard snow crust covers much of the
range. Twigs of Salix and Betula are listed
as winter forage for caribou (Skoog, 1968)
and reindeer (Herre, 1956; Andreev, 1954).
Simkin (1965) stated that woodland caribou
in Ontario utilize twigs of Salix spp. and
Alnus crispa. White birch, dwarf birch,
willow, and alder are fairly abundant along
drainages, lake shores, and in recent burns
throughout the taiga.

In years when mushrooms are abun-
dant they may be important in the caribou
winter diet, Entire, small mushrooms have
been found in April caribou rumens and up
to 10 per cent of the contents of November
Tumens have been comprised of mush-
Fooms, Kareev (1968) stated that reindeer
in Russia “unerringly detect and dig out
the snow-covered shrunken and frozen

rmushrooms.” He listed mushrooms as a
valuable, nutritive and vitamin-rich fodder.
Although mushrooms are not consumed by
caribou in large quantities during the win-
ter they may, because of their high nutri-
tional value (Larin, 1951}, be a valuable
supplement to a predominantly lichen,
protein-scarce diet.

3.  Lichen growth

Because lichens, principally Cladina
and Cladonia spp., are the dominant forage
of caribou in the taiga it is important to
understand how the lichen podetium grows.
Andreev (1954) explains how the Cladina
podetium passes through three growth
stages. The first stage is called the growh-
accurmulation period which lasts an average
of 10 years and varies from 5 to 25 years.
There is no dying off of the podetium dur-
ing that period. The second stage is the
growth-renewal period when the podetium
grows at its highest rate. However, the po-
detium dies off at the base at a rate equal
to the growth. That period lasts a long time,
extending to 100 years or more. The third
stage which may also exceed 100 years, is
the podetium degeneration period when the
podetium dies off at a greater rate than it
grows, Andreev (1954), Ahti (1959},
Scotter (1963}, and Pegau (1968b) have
measured growth rates of various Cladina
spp. by the formula:

Average annual linear
. growth rate of the
podetium

Length of living
podelium

Number of nodes on
living podetium

The average annual linear growth
rate (mm} measured by Scotter (1965b) at
four locations in northwestern Manitoba,
ranged from 3.5 10 4.3 (C. alpestris) and 4.1
to 5.1 (C. rangiferina}, which was slightly
less than Pegau (1968b) found on the
Seward Peuinsula in (C. rangiferina}. Scot-
ter (1964), Pegan {1968h), and the present
study have found considerable variation
between growth rates of podetia on a single
site, 'actors that probably contribute to

variation in lichen growth include: the age
of the podetium; the capacity of the pode-
tium to compete with adjacent podetia;
prior disturbance by animals including
man; and site conditions such as substrate,
drainage, and exposure, Another factor to
be considered when annual linear growth is
used in production calculations is the num-
ber of lateral branches. C. alpestris has many
lateral branches compared with C. rangi-
Serina or C. mitis, and could produce more
forage annually even though the annual
linear growth rale may be less.

4.  Forest fires

The taiga winler range has a long
history of forest fires (Scotter 1964, 1971),
and Luiz (1956) menlions that their “'re-
peated occurrence in prehistoric, historie
and modern time is well substantiated.”
Pruitt (1959), Scotter (1964, 1971),
Thomas (1967), and Kelsall {1968) have
all remarked on the vast areas that have
been burned in caribou winter ranges of the
Canadian taiga and stated their concern
about the detrimental effects on caribou
populations.

Itis difficult to locate an area of
homogeneous cover of more than 4 hectares
{10 acres) in the taiga winter range, partly
because of the incidence of forest fires and
partly due to variable drainage. Lutz (1956)
wrote that “these differences in species,
together with the heterogeneity of the part-
tern of burning—often more intense burn-
ing under spruce lrees than in the inter-
vening space belween spruce trees — resull
in a mosaic of vegetation.” T found the het-
erogeneity in northwestern Manitoba and
northeastern Saskatchewan, and Watson
{1962) found it in northeentral Saskatch-
ewan. Heterogeneity of cover is important
to wintering caribou. It ensures that forage
will be available under conditions of snow
depth and crust, which vary during (Fig. 7)
and between winters. Areas that include
a mosaic of cover types including loafing
and escape areas, such as lakes and streams
adjacent to feeding areas, are most important
to caribou during mid and late winter and
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are likely to allract caribou concentrations
for exlended periods of time.

The estimated percentage of land area
burned annually on a study area in north-
ern Manitoba during the 12-ycar period
1955-67 as measured from aerial photog-
graphs was 0.17 per cenl, somewhal less
than Beckel’s (1958) estimate of 0.25 per
cenl for approximately the same area during
the 20-year period 1935-66 (Table 16). In
contrast, forest fires burned an estimated
0.87 per cent of land area annually from
1940 10 1955 on a study area in north-
cenlral Saskatchewan (Scotler, 1964).
There is a greal deal more upland in the
Saskalchewan taiga winter range than thal
of Manitoba, and upland ranges are more
susceptible than lowlands Lo lightening
strikes. Some upland sites in both areas are
more susceplible to lightening-caused fires
than others and burn more frequently.

Both Cladina alpestrisand C. rangi-
ferina are climax lichen species that appear
in stands 40 years or more alter a fire, but
there are a number of important lichens
like C. mitis that become established earlier.
Figure 4 shows that stands less than 40
years conlained a standing crop of terri-
colous lichens equal to some stands twice
that age, and stands less than 60 years old
contained as large a crop as some stands
over 120 years old. Standing crop of lichens
may be related more Lo the degree of car-
ibou utilization and the severity of the fire
than to the number of years since the pre-
vious fire. This appears to be the case in
enclosures 4, 5, and 6 which are in areas
that had apparently burned at about the
same time but supported different standing
crops of lichens in 1967. The differences in
standing crop are nol reflected in differ-
ences in per cent lichen ground cover.

Forest fires can improve conditions
for the growth of terrestrial lichens. Scotter
(1965b) mentioned that fires tend to slow
the transition from forest to muskeg thus
favouring lichen production and that,
“Some burned-over muskegs produce more
lichens than were formerly present.”
Skuncke (1963) stated, in connection with

Table 16

(lqmparisun Ql' aerial photograph inlm’prelaliuns

of samples of caribou winter range in laiga of north-
ern Saskalchewan and nUllh\\ ‘eslern Maniloba

“Northern Saskate hewan

Northwestern Manitoba

Scolter (1964) pluq

Present work

Source datain CWS files Beckel (1958)

Film - N Black and white Black and white Colour
Photograph Scale o © 1:50.000 1:60,000 1:15,840
Year phnln;raphml . 1955 1055 Lb'/
Total area (sq km) 12,727 11,432 lZJ%
Land area (sq km) 9,673 9,260 = 9,827
Walter area ‘¢ 24 19 19
[ pland area (sq Lm) a 8,169 5.185 5,406
Area burned (sq l\m) - 1,261 (15 yr) 161 (20 vr) 192 (12 yr)
Areaburned (%) 13 5 2
Area burned annuall) vy ) 087 0.25 0.17

the third stage of lichen growth when the
lichen mat is lep]aced by mosscs, that foresl
fires ““can eventually lead to regeneration,
that is, to the grow th of new lichen plants.”
Rowe and Scotler (1973) also mentioned
thatin the southern limit of winter range

of barren-ground caribou, fires somelimes
make land more productive of terrestrial
lichens and other forage plants by removing
carpets of bryophytes.

The accumulation of needles under-
neath old conifer trees favours the growth
of vascular plants such as Vaecinium vitis-
idaea, Empetrum nigrum,and Arctostaplylos
wva-ursi as well as mosses. I'ires could alter
that condition in favour of lichen growth.

Concerning the effects of forest fires
on soil, Lulz (1956) believed that it would
be “impossible to prove” that soil destruc-
tion or deterioration occurred on the major-
ity of burns in Alaska. He mentioned that
there is usually a “reduction of soil acidity”
after burns, a large increase of “exchange-
able calcium in the upper layers of mineral
soil,” an increase in Lhe “availability of ni-
trogen Lo vegelation” and that, “fires quick-
ly make available the nutrient materials
bound in organic matter.” liven during the
early years after a forest lire, early invaders
such as fireweed (Epilobium spp.), Vacci-
nium spp., grass (Calamogrostis canadensis),
and sucker 01owths of white birch are po-
tenlial fmage for caribou.

5. Condition ofrange

Caribou affected their taiga winter
range little during this study. Rumen anal-
yses and field observations have shown that
caribou ulilize forage according to its
availability, which depends throughout
winter on snow depth and condition. That
relationship ensures against over utilization
ofany forage species over a wide area. In
addition, such lorages as grasslike plants
and mushrooms are annual crops which ap-
pear unaffected by caribou utilization. Vas-
cular plants such as Vaccinium vitis-idaea,
Salix spp., and Betula spp. recover rapidly,
and [ saw no signs of permanent damage
from browsing. Lichens, because they grow
more slowly than vascular plants, would be
expecled to show the effects of caribou use
more than other plants. However | observed
no damage 1o lichen stands used by caribou
in the presence of a complete snow cover.
According lo slanding crop caleulations of
terrestrial lichens and Lhe percenlage cover-
age of lichens in Lhe ground cover, a large
reserve of potential lichen forage exists in
the taiga. Thereis also a large reserve of
potential arboreal lichen forage, Scolter
(1965¢).

Caribou can damage lichen stands
locally during the spring migration when
lichens become exposed on southern ex-
posures of eskers, and stream and lake
banks. Repealed use of lichens on such

sites has resulted in the establishment of

dense stands of Arctostaphylos uva-ursi and

Empetrum nigrum. Lichens ave sparse and

small if present at all. The phenomenon

' can be observed on eskers and steep lake
and stream banks in much of northern
Manitoba, especially in the forest-tundra.

Stereocaulon is an importlant lichen

component in the caribou winter diet,
although it is unevenly distributed and
relatively scarce compaved with Cladonia,
Cladina, or Cetraria (Vig. 8). Stereocaulon
recovers from grazing more readily than
Cladonia, Cladina, ov Cetraria. Ritchie

(1959) suggested thal Stereocaulon might be
usc by caribou. Scotter

an indicator of over- \
(1965b) agreed in part with Ritchie that
the abundance of Stereocaulon on some
sites mav be the result olintensive grazing

by caribou. Scolter suggested, however,

thal in some siles moisture was the cause of

Stereocaulon dominance. My observalions
supportl the idea ol a relatiouship between

caribou grazing and Stereocaulon abundance

especially in respeel to intensive use of
exposed lichen stands in
Small, pure, ov neacly pure stands of

Stereocaulon are occasionally encountered

arly spring,.

on sparsely treed sites on southern slopes
of inhabited caribou range, but I have nol
observed them on similar sites imme-
diatelv to the south of caribou range. 1
believe that, conve rselv, the presence of
pure stands of climax lichens, Cladina

y alpestrisand C. rangiferina, indicates thal
there has not been more than light recent
use by caribou.

[ have observed no taller or more
continuous cover of terrestrial lichens on
caribou and reindeer ranges in Alaska and
Quebee than in northweslern Manitoba
and northeastern Saskatchewan. One
explanation for the favourable conditions
of lichen stands on the Manitoba and
Saskatchewan ranges is that they are used
only in winter when snow cover minimizes
the effects of grazing and trampling. Pruitl
(1959) has (ommon(c(l on the prolective
influence of snow cover and eold lemper-
atures on forage stands used by caribou,

Lush terrestial lichen growth hetween mature
spruce. Note the reduction of vascular plants
between trees and the increase beneath trees

and Pegau (1970) has shown the detri-
mental influcnce of grazing and trampling
by reindeer during the summer on Alaska
lichen ranges. Deep trails [rec of vegetation
on ridges and southern slopes in northern
Manitoba and Saskatchewan attest to the
cffects of trampling on snowfree sites.
Another factor, perhaps more important,
favouring lichens in northern Manitoba
and Saskatchewan is that the growing
conditions favour them over vascular
plants. Lichens can tolerate pertods of
dessication on the predominantly sandy
soils better than vascular plants and mosses

(Ahtiand Hepburn, 1967).

6. Capacity of the taiga range

[Uis difficult to estimate carrying
capacily of the taiga range because caribou
use it differently each winter. The number
of caribou that enter the laiga varies [rom
year Lo year as does the time the caribou
spend there. Their distribution, density,
and food habits vary according to snow
conditions. However, by calculations based
on reindeer ranges with known stocking

rates over extended periods of time, Poi-

jarvi (1954) and Andreev (1954) in Russia
and Skuncke (1963) in Sweden, estimated
that 8 hectares (20 acres) of lichen range
were required to sustain each reindecr
during winter. Helle (1966), who con-
sidered the effects of snow on availability
and ulilization of forage, estimated that 10
to 15 hectares (25 to 37 acres) of lichen
winler range were needed to support each
reindeer in Finland. “Reindeer” lichens
grow on the average of 3 to 5 mm annually
in forest zones ol I'inland, which is similar
Lo northwestern Manitoba (Scotter 1965¢).
Therefore by extrapolation from Helle’s
figures (10-15 hectares/reindeer/winter)
the 12,113 km*area in northwestern Mani-
toba assessed from coloured aerial photo-
graphs could support 36,000 to 53,000
caribou on the 5,407 km? of upland regions
thal had not burned in the past 20 vears.
By extrapolating the proportion of upland
lichen range not burned in the past 20
vears Lo the entire 121,704 km? taiga range
(Parker, 1972) we can cslimate carrying
capacity at 360,000 caribou. That estimale,
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which precludes caribou use of non-lichen
forage as well as lichen forage on all low-
lands and on uplands which had burned
less than 20 years ago, is over 500 per cent
greater than the 1968 estimate of the
Kaminuriak Population (Parker, 1972).

Parker (1972) showed that during
4 months in the winter of 1967-68 some
50,000 caribou remained within an area of
9,303 km? for a density of 177 caribou per
km?. My visual observations within that
area during February and again in April to
May 1968, along with summer observations
of crater enclosures, showed that less than
25 per cent of the terrestrial lichen range
had been grazed or trampled. A year later
only the most heavily grazed spring craters
and southern exposed banks comprising
about 10 per cent of the lichen range used,
showed little or no vegetative recovery
while the remaining 90 per cent showed
rapid regeneration. Southern exposed
banks, which had sustained intensive use
by caribou during spring 1968, supported
an active growth of primary lichen thalli
in July 1969. In addition, many of the
fragmented podetia in the spring craters
used repeatedly by caribou had become
anchored to the substrate and showed
growth by July 1969.

Skoog (1968) observed that caribou
used only two per cent of a feeding area
during February to March in a heavily
used part of Alaska. He stated of Alaskan
caribou that, “‘there is little evidence to
suggest that grazing itself has caused much
damage,” and goes on to say that “Most
range damage can be assigned to the

‘effects of trampling and trailing.”” The

above is consistent with the restriction of
damage found in the present study to
lichen stands that first become bare in
spring. Caribou sometimes suffer from
unavailability of food under certain snow
conditions. But it seems doubtful that
under present conditions of caribou num-
bers and vegetation that such unavail-
ability is related to the total forage reserves
or the eflects of fires on them. Snow char-
acteristics on the taiga as well as influencing
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availability of forage also affect the vul-
nerability of caribou to predators, including
man. The fact that in some years the
majority of caribou in the Kaminuriak
Population have wintered on the tundra
also suggests that dependency on taiga
forage supplies is minor at present pop-
ulation levels.

Summanry

The taiga winter range of the
Kaminuriak Population is in northern
Manitoba, northeast Saskatchewan, south-
easl Mackenzie District and southwest
Keewatin District. [ studied portions of
northwestern Manitoba and northeastern
Saskatchewan during this investigation.

The winter range in northwestern
Manitoba is roughly 20 per cent water, 40
per cent Jowland and 40 per cent upland.
Lowland areas include 80 per cent muskeg
and 20 per cent meadow whereas the up-
land is 80 per cent spruce and 20 per cent
jack pine. The upland areas are primarily
semi-open Lo open lichen woodland. Be-
tween 1955 and 1967, according to aerial
photograph interpretations of the same
9,200-km? land area, 192 km? or 2.1
per cent of the area burned in 47 different
forest fires.

Terrestrial lichens covered 50 to 90
per cent of the ground at 6 caribou en-
closures and 23 of 25 study plots located in
spruce, spruce and jack pine, and jack pine
cover types. Cladina lichens, primarily C.
mitis and C. alpestris, were the most abun-
dant in the plots and exclosures. Cladonia
spp. mainly C. gracilis, were common but
only occasionally abundant. Cetraria li-
chens were common but not abundant,
whereas Stereocaulon and Peltigera lichens
were neither common nor abundant.

The standing crop of terrestrial li-
chens at the study plots and enclosures
ranged {rom 2,000 to 7,000 kg dry weight
per ha at all but two plots. The protein
content in lichen samples ranged from 3.20
per cent in Cladonia spp. to 16.26 per cent
m primarily Stereocaulon paschale samples.
Stereocaulon samples also contained a higher
amount of energy than Cladonia, Cladina,
or Cetraria samples.

Lichen regeneration of primary thalli
on artifically denuded 1-m? plots occurred
on all plots after three growing seasons and
covered from 10 Lo 75 per cent of the plot.
Secondary thalli or podetia appeared on 66
per cent of the plots after three growing
Seasons. Primary thalli and in one instance
a podetium were observed on caribou pel-

lets after three summer growing seasons.
Removal of the stems and leaves of Ledum
groenlandicum stimulated lichen growth
whereas removal of only the leaves did not
show a change in lichen growth.

Caribou rumen analyses showed that
terrestrial lichens, primarily Cladina spp.
and to a lesser extent Cladonia spp. made
up the bulk of the winter diet on the taiga.
Stereocaulon was also an important food,
especially during April according to a com-
parison of its abundance in rumens and its
occurrence in the taiga. Twigs and leaves of
woody plants as well as grasslike plants were
also important winter forages, and mush-
rooms were eaten when encountered. Sea-
sonal availability appeared to dictate forage
use by caribou after early winter.

The availability of forage depends on
the depth, density, and crust hardness of
snow as well as the proximity of travel
routes, and treeless loafing and escape areas.
Forage availability does not limit usein early
winter, but as soon as snow depths reach
about 50 cm various sites become unavail-
able. Equisetum fluviatile and Carex aquatilis,
preferred forage during the early winter,
become less available in mid winter along the
drifted shores of lakes and streams. Caribou
remain close to loafing and escape areas
and therefore make little use of large areas
of continuous tree cover. In late winter
with the lengthening of day-light hours a
crust forms on the snow and caribou change
to a diet of arboreal lichens and woody
browse. Assoon as the crust softens caribou
return to a diet of terrestrial forage using
south exposures of stream-, lake-, and esker
banks as well as old craters on exposed
upland sites. [n addition, the boles of coni-
fer trees become exposed and are heavily
used. Crater enclosures constructed during
the early, mid and late winter and spring
periods showed that the late winter and
spring periods were the only time that the
caribou damaged their forage stands. In late
winter, arboreal lichen and woody browse
crops were depleted locally and in spring
the terrestrial forage crop was depleted on
exposed sites along the migralion routes.

The heterogeneity of plant cover in
the taiga of northwestern Manitoba and
northeastern Saskatchewan makes it well
suited to sustain caribou use during the
winter season because it offers caribou a
wide range of depth, density, and hardness
of snow. Forest fires help to maintain the
heterogeneity.
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Appendices

Appendix |

Forest type, location, topography, density, size,
and age of trees in study plots and enclosures

No. trees Mean. Mecan
Plot Location Topography per acre ht., m. d.b.h., cm, Age, yr.
Upland spruce
1 Cochrane River High esker 284 8.3 10.9 78
2 Lac Brochet Flat 663 7.8 111 94
3 Lac Brochet Ilat 3,174 6.8 9.6 135
4 Lac Brochet West slope, 5° 237 10.7 16.3 139
5 Lac Brochet West slope, 8° 2,574 7.8 10.4 132
6 Lac Brochet Flat 395 9.9 17.5 o1
7 Lac Brochet Flat 16 8.7 14.7 7
8 Fort Hall Lake West slope, 3° 189 9.1 16.7 61
Lowland spruce
9 Cochrane River East slope, 5° 2,337 8.4 8.9 65
10 Cochrane River West slope, 5° 932 4.9 7.8 76
11 Lac Brochet West slope, 5° 1,279 9.6 14.2 181
12 Lac Brochet West slope, 5° 1,105 10.1 14.5 129
13 Lac Brochet Weost slope, 2° 742 9.8 12.7 79
14 l.ac Brochet Flat 379 8.9 13.7 78
Mixed spruce
and jack pine
15 Cochrane River West stope, 12° 237 9.7 14.2 96
16 Cochrane River Lsker, NE slope, 3° 1,042 10.8 10.2 59
17 Lac Brochet West slope, 2° 853 9.9 17.2 61
18 Lac Brochet Hill top, flat 347 10.4 20.1 132
19 Horseshoe Lake* South slope, 5° 221 10.2 17.0 58
Jack pine
20 Cochrane River Lowland flat 395 9.6 12.9 84
21 Cochrane River Lowland flat 1,295 8.1 6.9 80
22 Cochrane River Lowland flat 711 9.0 10.2 78
23 Luac Brochet Hill, castslope, 5° 1,753 6.4 10.2 30
24 Horseshoe Lake South slope, 2° 742 9.9 14.0 90
25 Horseshoe Lake Hill, cast slope, 2° 1,405 6.0 9.1 38
Jack pine
Encl. 1 Horseshoe Lake Gradual south slope, 2° 742 2.9 14.0 90
Encl. 2 Horseshoe Lake Low hill, east slope, 2° 1,405 6.0 9.1 38
Mixed spruce
and jack pine
Encl. 3 Horseshoe Lake Gradual south slope, 5° 221 10.2 17.0 58
Spruce,
well drained
Encl. 4 Lac Brochet Low hill top, Aat 3,174 6.8 9.6 135
Encl. 5 Lac Brochet Cradual west slope, 5° 237 10.7 16.2 139
Encl. 6 Lac Brochet Gradual west slope, 8° 2,574 7.8 10.4 132

Also named Hjulmarson Lake.
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Appendix 2
Percentage cover of plant species oceurring in more
than lour study plots or enclosures

V. V. Ledum Mushrooms

Plot Liver- Vaccinium-  myrtil- uligin- groen-  Empetrum  Geocaulon {no. per ha.}
no. Lichens worts Mosses Litter  vilis-idaea loides ostm landicum nigram tividum 1967 1969

1 24 2 5 10 12 5 Tr 15

2 81 3 Tr 15 23 3 1 1 64 30

3 86 2 2 12 24 4 4 1 20

4 81 3 Tr 19 30 20 Tr 7 20 25

5 84 5 14 33 14 20 54

6 75 3 3 17 28 30 86
7 #0 5 16 29 54 15

8 58 4 20 34 23 T 17

9 70 Tr 22 7 23 4 16 35 L 138
10 21 68 25 21 } il 4 2 133 0
11 18 79 18 43 35 89 94
12 82 15 2 11 26 5 6 10 151
13 79 Tr 9 19 31 4 29 1l 151
14 70 11 36 17 30 12 37
15 48 1 3 I3 23 5 Tr 42 Q
16 81 4 5 10 50 2 6 Tr 74 134
17 76 2 30 36 12 23 1 | 96 153
18 77 Tr 40 33 10 7 Tr 1 32 25
19 92 2 10 5 7 12
20 62 7 32 16 2 25 0
21 72 1 2 39 39 3 2 108 99
22 79 Tr 5 22 30 4 1 131 0
23 64 Tr 69 37 12 3 72 47
24 88 Tr 29 2 10 37 235
25 80 3 45 1 9 20
Enel. 1 85 5 Tr 44 4 I 3 82
Encl. 2 80 5 38 5 20 30
Encl. 3 79 24 18
Enel. 4 86 3 1 9 26 10 1 Tr 37
Encl. 5 70 5 32 35 9 6 20 A0
Encl, 6 84 15 43 2 1 8 22 69
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Appendix 3

Mean and range of percentages by weight of major

lichen genera in study plots and enclosures

Cladina Cladonia Stereocaulon Cetraria Peltigera
Plot | 77 20 0 3 0

2 86 5 8 7 0

3 90 3 0 7 0

4 83 16 0 1 0

5 89 5 0 6 0

6 48 43 0 9 0

7 76 24 0 [} 0

8’@

9 85 15 0 Tr 0
10 42 58 0 0 0
11 47 20 0 0 33
12. 66 34 0 0 0
13 52 16 0 32 0
14, 53 10 0 37 0
15 70 28 2 Tr 0

16 90 7 0 3 0
17 73 15 0 12 0
18 77 18 4] 5 0
19 73 24 0 3 0
20 62 38 0 0 [}
21 93 5 0 2 0
22 78 12 10 0 0
23 65 35 0 0 0
24 73 22 0 5 0
25 53 42 0 5 0
Encl, 1 70 28 QO 2 0

2 78 20 0 2 0

3 79 16 0 S 0

4 60 21 0 19 Q

5 90 10 0 Tr 0

6 87 8 0 5 0

* Divot samples were not collected [rom Plot 8.
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Appendix 4
Location and forage plant cover ol I-m? plots ¢stab-
lished in 1967

Date
Plot No. established Place Lat. Long. Forage plants in sample
1 June 19 Lac Brochet 58°39715" 101°3715" Lichen, 75% Cladina alpestris
2 June 19 Lac Brochet 58°39715" 101°37'15" Lichen, 95% Stereocaulon paschale
3 June 19 Lac Brochet 58°39715" 101°37/15"” Lichen, 50% Cladina rangiferina
4 June 19 Lac Brochet 58°39’15” 101°37'15" Lichen, 50% Cetraric nivalis
5 B June 20 Lac Brochet 58°39715" 101°37'15" Lichen, mixed species
6 June 20 Lac Brochet 58°39745" 101°35°20" Lichen, mixed species
7 June 20 Lac Brochet 58°39°45" 101°3520” Lichen, 75% Stereocaulon paschale
8 June2l Lac Brochet 58°39°45" 101°35'20" Lichen mixed species
9 June 21 Lac Brochet 58°40720" 101°34740" Lichen, mixed Cladonia, Clading & Cetraria
10 June 21 Lac Brachet 58°39715" 101°37°15" Ledum groenlandicum
11A June 22 Lac Brochet 58°39715" 101°37'15" Vaccinium vitis-idaea
11B June 22 Lac Brochet 58°39°15" 101°3715" Empetrum nigrum
12 June 25 Lac Brochet 583945 101°35°20" Lichen, mixed species
13 June 25 Lac Brochet 58°40720"" 101°34740"" Lichen, mixed species
14 June 26 Lac Brochet 58°39730" 101°35'40" Lichen, mixed Cladonia, Cladina
16 June 28 Haorscshoe Lake* 57°42745" 101°12730” Lichen, mixed species
17 June 28 Horseshoe Lake 57°41720" 101°12°30 Lichen, mixed species
18 June 28 Horseshoe Lake 57°38°45" 101°11°15” Lichen, mixed species
19 Sept. 17 Lac Brochet 58°40730" 101°35'15" Curex aquatilis
20 Sept. 17 Lac Brochet 58939745 101°35'15" Curex aquatilis
21 Sept. 18 Lac Brochet 58°40°10" 101°37715” Carex aquatilis
22 Sept. 18 Lac Brochet 58°40° 101°37 Equisetum fluviatile
23 Sept. 18 Lac Brochet 58°39715" 101°37715" Ledum groenlandicum
24 Sept. 23 Cochrane River 58°19730” 101912715 Equisetum fluviatile
25 Sept. 24 Cochrane River 58°19715"” 101°12 Equisetum fluviatile

* Also named Hjalmarson Lake.
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